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LIST OF PROJECTS 
 
Research Program and Projects 
 
Thrust 1 – New Biocatalysts for Pathway Engineering 
 
Direct Support (Core Projects) 
 
Project Name: 3-ketoacyl-ACP Synthase:  Characterization of Novel Biocatalysts (3-ketoacyl 
Synthases) for Diversifying FAS/PKS Metabolic Pathways 
Sponsoring Organization(s): NSF (ERC Program), Iowa State University (cost share), Industry 
(memberships) 
Faculty Investigators Department Institution 
Basil J. Nikolau (Leader) Biochemistry, Biophysics & 
Molecular Biology 
Iowa State University 
Joseph P. Noel Jack H. Skirball Center for 
Chemical Biology & 
Proteomics 
Salk Institute for Biological 
Studies 
Peter J. Reilly Chemical & Biological 
Engineering 
Iowa State University 
 
Project Name: Acetoacetyl-CoA:  Use of Escherichia coli for the Production of Molecules 
Functionalized for Chemical Synthesis 
Sponsoring Organization(s): NSF (ERC Program) 
Faculty Investigators Department Institution 
Thomas A. Bobik (Leader) Biochemistry, Biophysics & 
Molecular Biology 
Iowa State University 
 
Project Name: Acetyl-CoA/Propionyl-CoA Synthetase:  Biocatalysts for Diversifying 
Precursor Pools for FAS/PKS Systems 
Sponsoring Organization(s): NSF (ERC Program) 
Faculty Investigators Department Institution 
David J. Oliver (Leader) Genetics, Development & Cell 
Biology 
Iowa State University 
 
Project Name: Acyl-CoA Carboxylases:  Biocatalysts for Diversifying Precursor Pools for 
FAS/PKS Systems 
Sponsoring Organization(s): NSF (ERC Program), Iowa State University (cost share), Industry 
(memberships) 
Faculty Investigators Department Institution 
Basil J. Nikolau (Leader) Biochemistry, Biophysics & 
Molecular Biology 
Iowa State University 
Peter J. Reilly Chemical & Biological 
Engineering 
Iowa State University 
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Project Name: Methylketone Synthase/Thioesterase:  Development of Methylketone Synthase 
Enzyme Adapated for the Production of Short-Chain Methylketones 
Sponsoring Organization(s): NSF (ERC Program) 
Faculty Investigators Department Institution 
Joseph P. Noel Jack H. Skirball Center for 
Chemical Biology & 
Proteomics 
Salk Institute for Biological 
Studies 
Eran Pichersky (Leader) Molecular, Cellular & 
Developmental Biology 
University of Michigan 
 
Project Name: Thioesterases:  Characterization of Novel Biocatalysts (Thioesterases) for 
Diversifying FAS/PKS Metabolic Pathways 
Sponsoring Organization(s): NSF (ERC Program), Iowa State University (cost share), Industry 
(memberships) 
Faculty Investigators Department Institution 
Basil J. Nikolau (Leader) Biochemistry, Biophysics & 
Molecular Biology 
Iowa State University 
Joseph P. Noel Jack H. Skirball Center for 
Chemical Biology & 
Proteomics 
Salk Institute for Biological 
Studies 
Peter J. Reilly Chemical & Biological 
Engineering 
Iowa State University 
 
Indirect Support (Associated Projects) 
 
Project Name: Biocatalysts of the Acetyl-CoA Condensation Metabolic Pathway 
Sponsoring Organization(s): Iowa State University 
Faculty Investigators Department Institution 
Basil J. Nikolau (Leader) Biochemistry, Biophysics & 
Molecular Biology 
Iowa State University 
 
Project Name: Essential Nature of Fatty Acid Elongase 
Sponsoring Organization(s): Iowa State University 
Faculty Investigators Department Institution 
Basil J. Nikolau (Leader) Biochemistry, Biophysics & 
Molecular Biology 
Iowa State University 
 
Project Name: Functional Genomics of the Biotin Metabolic Network of Arabidopsis 
Sponsoring Organization(s): Iowa State University 
Faculty Investigators Department Institution 
Basil J. Nikolau (Leader) Biochemistry, Biophysics & 
Molecular Biology 
Iowa State University 
Eve S. Wurtele Genetics, Development & Cell 
Biology 
Iowa State University 
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Thrust 2 – Microbial Metabolic Engineering 
 
Direct Support (Core Projects) 
 
Project Name: Bioinformatics 
Sponsoring Organization(s): NSF (ERC Program) 
Faculty Investigators Department Institution 
Nancy A. Da Silva Chemical Engineering & 
Materials Science 
University of California – 
Irvine 
Julie A. Dickerson (Co-Leader) Electrical & Computer 
Engineering 
Iowa State University 
Ramon Gonzalez Chemical & Biomolecular 
Engineering 
W. M. Rice University 
Laura R. Jarboe Chemical & Biological 
Engineering 
Iowa State University 
Ka-Yiu San Bioengineering W. M. Rice University 
 
Suzanne B. Sandmeyer Biological Chemistry University of California – 
Irvine 
Jacqueline V. Shanks Chemical & Biological 
Engineering 
Iowa State University 
Eve S. Wurtele (Co-Leader) Genetics, Development & Cell 
Biology 
Iowa State University 
 
Project Name: Flux Analysis 
Sponsoring Organization(s): NSF (ERC Program), Iowa State University (cost share), Industry 
(memberships) 
Faculty Investigators Department Institution 
Ramon Gonzalez Chemical & Biomolecular 
Engineering 
W. M. Rice University 
Laura R. Jarboe Chemical & Biological 
Engineering 
Iowa State University 
Ka-Yiu San Bioengineering W. M. Rice University 
 
Jacqueline V. Shanks (Leader) Chemical & Biological 
Engineering 
Iowa State University 
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Project Name: Omics Experiments 
Sponsoring Organization(s): NSF (ERC Program) 
Faculty Investigators Department Institution 
Nancy A. Da Silva Chemical Engineering & 
Materials Science 
University of California – 
Irvine 
Ramon Gonzalez (Co-Leader) Chemical & Biomolecular 
Engineering 
W. M. Rice University 
Laura R. Jarboe (Co-Leader) Chemical & Biological 
Engineering 
Iowa State University 
Ka-Yiu San Bioengineering W. M. Rice University 
 
Suzanne B. Sandmeyer Biological Chemistry University of California – 
Irvine 
 
Project Name: Strain Characterization and Optimization 
Sponsoring Organization(s): NSF (ERC Program) 
Faculty Investigators Department Institution 
Nancy A. Da Silva (Co-Leader) Chemical Engineering & 
Materials Science 
University of California – 
Irvine 
Ramon Gonzalez  Chemical & Biomolecular 
Engineering 
W. M. Rice University 
Laura R. Jarboe  Chemical & Biological 
Engineering 
Iowa State University 
Ka-Yiu San (Co-Leader) Bioengineering W. M. Rice University 
 
Suzanne B. Sandmeyer Biological Chemistry University of California – 
Irvine 
 
Project Name: Strain Construction and Optimization 
Sponsoring Organization(s): NSF (ERC Program) 
Faculty Investigators Department Institution 
Nancy A. Da Silva (Co-Leader) Chemical Engineering & 
Materials Science 
University of California – 
Irvine 
Ramon Gonzalez  Chemical & Biomolecular 
Engineering 
W. M. Rice University 
Ka-Yiu San (Co-Leader) Bioengineering W. M. Rice University 
 
Suzanne B. Sandmeyer Biological Chemistry University of California – 
Irvine 
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Thrust 3 – Chemical Catalyst Design 
 
Direct Support (Core Projects) 
 
Project Name: Conjugation of Polyenes 
Sponsoring Organization(s): NSF (ERC Program) 
Faculty Investigators Department Institution 
Robert J. Davis Chemical Engineering University of Virginia 
 
Richard C. Larock (Leader) Chemistry Iowa State University 
 
 
Project Name: Coupled Acid/Base Catalysis 
Sponsoring Organization(s): NSF (ERC Program), Iowa State University (cost share), Industry 
(memberships) 
Faculty Investigators Department Institution 
James A. Dumesic (Co-Leader) Chemical Engineering University of Wisconsin – 
Madison 
Brent H. Shanks (Co-Leader) Chemical & Biological 
Engineering 
Iowa State University 
 
Project Name: Decarboxylation of Fatty Acids 
Sponsoring Organization(s): NSF (ERC Program) 
Faculty Investigators Department Institution 
Robert J. Davis Chemical Engineering University of Virginia 
 
George A. Kraus (Leader) Chemistry Iowa State University 
 
Richard C. Larock Chemistry Iowa State University 
 
Matthew Neurock Chemical Engineering University of Virginia 
 
L. Keith Woo Chemistry Iowa State University 
 
 
Project Name: Furan/Pyran Ring Opening 
Sponsoring Organization(s): NSF (ERC Program) 
Faculty Investigators Department Institution 
James A. Dumesic (Leader) Chemical Engineering University of Wisconsin – 
Madison 
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Project Name: High-Throughput Catalyst Evolution 
Sponsoring Organization(s): NSF (ERC Program) 
Faculty Investigators Department Institution 
L. Keith Woo Chemistry Iowa State University 
 
 
Project Name: Hydrothermally Stable Catalysts and Catalyst Supports 
Sponsoring Organization(s): NSF (ERC Program) 
Faculty Investigators Department Institution 
Abhaya K. Datye (Leader) Chemical & Nuclear 
Engineering 
University of New Mexico 
James A. Dumesic Chemical Engineering University of Wisconsin – 
Madison 
Brent H. Shanks Chemical & Biological 
Engineering 
Iowa State University 
 
Project Name: Selective Dehydration of Model Compounds 
Sponsoring Organization(s): NSF (ERC Program), Iowa State University (cost share), Industry 
(memberships) 
Faculty Investigators Department Institution 
Abhaya K. Datye Chemical & Nuclear 
Engineering 
University of New Mexico 
James A. Dumesic Chemical Engineering University of Wisconsin – 
Madison 
Matthew Neurock Chemical Engineering University of Virginia 
 
Brent H. Shanks (Leader) Chemical & Biological 
Engineering 
Iowa State University 
 
Project Name: Selective Hydrogenation of 3-en-2-one Compounds 
Sponsoring Organization(s): NSF (ERC Program) 
Faculty Investigators Department Institution 
Abhaya K. Datye Chemical & Nuclear 
Engineering 
University of New Mexico 
Robert J. Davis (Leader) Chemical Engineering University of Virginia 
 
Richard C. Larock  Chemistry Iowa State University 
 
Matthew Neurock Chemical Engineering University of Virginia 
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Indirect Support (Associated Projects) 
 
Project Name: Base-Catalyzed Transesterification over Hydrotalcites and Mixed Metal Oxides 
Sponsoring Organization(s): U. S. Department of Energy 
Faculty Investigators Department Institution 
Robert J. Davis Chemical Engineering University of Virginia 
 
 
Project Name: Condensed Phase Catalysis with Bio-Oil Species 
Sponsoring Organization(s): ConocoPhillips Company 
Faculty Investigators Department Institution 
Brent H. Shanks Chemical & Biological 
Engineering 
Iowa State University 
 
Project Name: Molecular Engineering for Conversion of Biomass-Derived Reactants to Fuels, 
Chemicals and Materials 
Sponsoring Organization(s): NSF PIRE (OISE Program) 
Faculty Investigators Department Institution 
Abhaya K. Datye (Leader) Chemical & Nuclear 
Engineering 
University of New Mexico 
Robert J. Davis Chemical Engineering University of Virginia 
 
James A. Dumesic Chemical Engineering University of Wisconsin – 
Madison 
Matthew Neurock Chemical Engineering University of Virginia 
 
Brent H. Shanks Chemical & Biological 
Engineering 
Iowa State University 
 
Project Name: Nanostructured Catalysts for Hydrogen Generation 
Sponsoring Organization(s): U. S. Department of Energy 
Faculty Investigators Department Institution 
Abhaya K. Datye Chemical & Nuclear 
Engineering 
University of New Mexico 
 
Project Name: Organometallic Chemistry on Gold Surfaces 
Sponsoring Organization(s): U. S. Department of Energy 
Faculty Investigators Department Institution 
L. Keith Woo Chemistry Iowa State University 
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Project Name: Reforming of Oxygenated Hydrocarbons on Metal Catalysts 
Sponsoring Organization(s): U. S. Department of Energy 
Faculty Investigators Department Institution 
James A. Dumesic Chemical Engineering University of Wisconsin -- 
Madison 
 
 
Life Cycle Assessment Support Area 
 
Direct Support (Core Projects) 
 
Project Name: Techno-Economic Analysis of Making Hydrocarbons from Biomass-Derived 
Sugars 
Sponsoring Organization(s): NSF (ERC Program) 
Faculty Investigators Department Institution 
Robert P. Anex (Leader) Agricultural & Biosystems 
Engineering 
Iowa State University 
James A. Dumesic Chemical Engineering University of Wisconsin -- 
Madison 
Basil J. Nikolau Biochemistry, Biophysics & 
Molecular Biology 
Iowa State University 
Brent H. Shanks Chemical & Biological 
Engineering 
Iowa State University 
 
Indirect Support (Associated Projects) 
 
Project Name: Techno-Economic Analysis of Dimethylfuran Production from Pure Fructose 
Sponsoring Organization(s): ConocoPhillips Company 
Faculty Investigators Department Institution 
Robert P. Anex (Leader) Agricultural & Biosystems 
Engineering 
Iowa State University 
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Education and Outreach Projects 
 
Pre-College Education Program 
 
Direct Support (Core Projects) 
 
Project Name: Teacher Professional Development 
Sponsoring Organization(s): NSF (ERC Program) 
Leadership Team Members Department Institution 
Adah Leshem-Ackerman 
(Lead) 
Ecology, Evolution & 
Organismal Biology 
Iowa State University 
D. Raj Raman Agricultural & Biosystems 
Engineering 
Iowa State University 
Derrick K. Rollins Chemical & Biological 
Engineering / Statistics 
Iowa State University 
 
Project Name: Pre-College Learning Modules 
Sponsoring Organization(s): NSF (ERC Program) 
Leadership Team Members Department Institution 
Adah Leshem-Ackerman 
(Lead) 
Ecology, Evolution & 
Organismal Biology 
Iowa State University 
D. Raj Raman Agricultural & Biosystems 
Engineering 
Iowa State University 
Derrick K. Rollins Chemical & Biological 
Engineering / Statistics 
Iowa State University 
 
Project Name: Young Engineers Program 
Sponsoring Organization(s): NSF (ERC Program) 
Leadership Team Members Department Institution 
Adah Leshem-Ackerman 
(Lead) 
Ecology, Evolution & 
Organismal Biology 
Iowa State University 
D. Raj Raman Agricultural & Biosystems 
Engineering 
Iowa State University 
Derrick K. Rollins Chemical & Biological 
Engineering / Statistics 
Iowa State University 
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University Education Program 
 
Direct Support (Core Projects) 
 
Project Name: CBiRC Graduate Minor 
Sponsoring Organization(s): NSF (ERC Program) 
Leadership Team Members Department Institution 
Adah Leshem-Ackerman Ecology, Evolution & 
Organismal Biology 
Iowa State University 
D. Raj Raman (Lead) Agricultural & Biosystems 
Engineering 
Iowa State University 
Derrick K. Rollins Chemical & Biological 
Engineering / Statistics 
Iowa State University 
 
Project Name: Research Experiences for Undergraduates (REU) Program 
Sponsoring Organization(s): NSF (ERC Program) 
Leadership Team Members Department Institution 
Adah Leshem-Ackerman Ecology, Evolution & 
Organismal Biology 
Iowa State University 
D. Raj Raman (Lead) Agricultural & Biosystems 
Engineering 
Iowa State University 
Derrick K. Rollins Chemical & Biological 
Engineering / Statistics 
Iowa State University 
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PROJECT SUMMARIES 
 
Research Program and Projects 
 
Thrust 1 – New Biocatalysts for Pathway Engineering 
 
3-ketoacyl-ACP Synthase:  Characterization of Novel Biocatalysts (3-ketoacyl Synthases) for 
Diversifying FAS/PKS Metabolic Pathways 
 
ERC Team Members 
Project Leader:  Basil J. Nikolau, Iowa State University 
Other Faculty:  Joseph P. Noel, Salk Institute; Peter J. Reilly Iowa State University 
Undergraduates:  Justin Pacheco, Salk Institute (Cal State, San Marcos) 
Graduate Students:  David Cantú Cantú, Yingfei Chen, and Shivani Garg, Iowa State University 
Postdocs:  Michele Auldridge, Michael Austin and Yongxia Guo, Salk Institute 
Other Personnel:  Dr. Marna Yandeau-Nelson (Associate Scientist), Iowa State University 
 
Statement of Project Goals 
The goal of this project is to identify and characterize novel biocatalysts from plant and 
microbial polyketide synthase (PKS) systems, for the purpose of diversifying the fatty acid 
synthase (FAS) systems of E. coli and the yeast Saccharomyces cerevisiae.  This project targets 
biocatalysts that will diversify the nature of the substrates used in the condensation reactions in 
each FAS cycle.  Specifically, we have targeted the 3-ketoacyl-ACP synthase III (EC 2.3.1.180) 
family of condensing enzymes.  Initial goals aim to clone and express orthologs of these 
biocatalysts from diverse biological sources that are known to show distinct substrate 
specificities, different from the E. coli and the S. cerevisiae hosts that will be used for creating 
the platform for producing biorenewable chemicals. 
Using a combination of atomic resolution protein x-ray crystallography, site-directed and 
combinatorial mutagenesis and high-throughput in vitro biochemistry, we will rationally 
modulate the efficiency and specificity of type III polyketide synthases for the production of 
short-chain keto-containing products for downstream processing. By the end of Year 5, our goal 
is to engineer at least one biocatalyst that efficiently produces a reactive intermediate in a 
microbial fermentation system (Thrust 2) that, upon scale-up and isolation, will be delivered to 
Thrust 3 for large-scale chemical processing. 
The Reilly group will construct databases of all 3-ketoacyl synthase genes, proteins and 
structures that appear in the literature and in public databases. 
 
Project’s Role in Support of the Center’s Strategic Plan 
One means of diversifying the products of an FAS/PKS system is to utilize different 
substrates in each of the condensation reactions of the FAS cycle.  Normally, in organisms such 
as E. coli, FAS is initiated by the condensation between acetyl-CoA and malonyl-ACP to form 3-
ketoacyl-ACP, a reaction catalyzed by 3-ketoacyl-ACP synthase III (KASIII); ultimately such 
systems generate straight-chain fatty acid products.  However, a diverse series of KASIII 
enzymes occur in different biological systems that utilize different acyl-CoA substrates in this 
reaction.  These ultimately add functionalities at the omega-end of the fatty acid products. The 
goal of this project is two-fold: 1) find and characterize the molecular details of the nature of 
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these KASIII orthologs that display different substrate specificities; and 2) based on the 
understanding of the design principle of these KASIII enzymes, create by mutagenesis novel 
KASIII orthologs that display distinct substrate specificities.  Initially we have focused on 
KASIII genes from E. coli and Bacillus subtilis.  The KASIII from E. coli (encoded by the fabH 
gene) catalyzes the condensation between acetyl-CoA and malonyl-ACP, whereas the two 
KASIII orthologs from B. subtilis (encoded by the yjaX and yhfB genes) catalyze the 
condensation between branched chain acyl-CoAs and malonyl-ACP. 
In close collaboration with all other project leaders in Thrust 1, particularly Basil Nikolau 
(Iowa State) and Eran Pichersky (University of Michigan), Noel will subject ketosynthases 
discovered in plants by the Nikolau and Pichersky groups to protein crystallization and structure 
elucidation at a sufficient resolution with the appropriate substrates, products or analogs thereof 
bound to permit rationally-based mutagenic protocols capable of increasing the catalytic 
efficiency and modulating the substrate/product selectivity for the production of ketone-
containing short-chain products amenable to fermentation engineering and large-scale chemical 
processing. 
 
Accomplishments in the Past Year 
 Cloned fabH, yjaX and yhfB genes into E. coli expression vectors. 
 Optimized the over-expression of each KASIII ortholog in E. coli, and established protocols 
for the purification of each recombinant protein for biochemical characterization. 
 Began the bioinformatics search for KASIII orthologs in all publicly available sequence 
search space to identify orthologs with additional novel functionalities. 
 
Plans for the Next Year 
1. Clone and express additional KASIII orthologs based upon bioinformatics analyses of 
publicly available sequence search space. 
2. Purify and biochemically characterize recombinant KASIII orthologs identified and isolated 
from diverse biological sources. 
 
Expected Milestones and Deliverables 
The expected deliverables of the project include cDNA clones and expression systems of 
diverse KASIII orthologs that can catalyze condensation reactions between malonyl-ACP and 
different acyl-CoA substrates. 
 
Member Company Benefits 
Members will have access to unpublished results from experimental and computational 
studies. 
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Acetoacetyl-CoA:  Use of Escherichia coli for the Production of Molecules Functionalized for 
Chemical Synthesis 
 
ERC Team Members 
Project Leader:  Tom Bobik, Iowa State University 
Other Personnel:  Tracie Hennen-Bierwagen (Assistant Scientist), Iowa State University 
 
Statement of Project Goals 
The goal of the project is to identify and develop enzyme catalysts for production of the suite 
of molecules shown below from glucose using genetically engineered Escherichia coli. Initially, 
the work will focus on reactions A-H (column 1). The remaining molecules will be produced to 
best meet the needs of thrust 3. 
 
 
 
Project’s Role in Support of the Center’s Strategic Plan 
The catalysts used to produce the molecules shown above will be used in thrust 2 to develop 
strains of E. coli that efficiently produce large amounts of these chemicals. The compounds 
above will be used in thrust 3 as platform chemicals for the development of catalyst systems that 
allow the synthesis of a variety of industrial chemicals. This research focuses on coenzyme A 
derivatives as metabolic precursors/intermediates to desired chemicals and hence provides an 
alternative to the acyl-carrier protein route being utilized by other thrust 1 research projects. 
 
Fundamental Research Barriers and Methodologies Used to Address Them 
Primary barriers include the production of active heterologous enzymes in E. coli and the 
identification of currently unknown catalysts needed to produce the suite of molecules shown 
above. Expression of heterologous enzymes requires a number of considerations including RNA 
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stability, protein solubility, protein toxicity and post-translational regulation. Problems 
associated with production of active enzymes will be addressed by using gene synthesis in 
conjunction with computer programs that optimize codon bias, address RNA folding and 
stability. In addition, multiple enzymes will be produced where appropriate. The main 
consideration for the identification of new catalysts is the development of efficient high-
throughput screening methods and the development of appropriate screens. 
 
Accomplishments in the Past Year 
We have cloned and produced three versions of acetoacetyl-CoA synthase and acetoacetyl-
CoA reductase (enzymes A and B in the above scheme) from Clostridium in E. coli. They have 
been cloned with and without N-terminal His-6 tags. We are in the process of characterizing the 
relative activity, expression and possible allosteric regulation and toxicity of each of these clones 
to find the catalysts most suitable to chemical production with high specific and volumetric 
productivity. 
 
Other Relevant Work Within and Outside the Center 
To our knowledge, we are the only group that is focused on developing approaches to 
produce a suite of molecules as opposed to a one-off approach. 
 
Plans for the Next Year 
The genes corresponding to enzymes A-H (above) are all found in Clostridial fermentation 
pathways. Each gene will be synthesized and expressed in E. coli. The activity of each enzyme 
will be measured in crude extracts using in vitro assays. Fermentation products will be 
determined by HPLC and GC. For example, the gene for reaction A will be expressed in E. coli. 
Cell extracts will be prepared and enzyme activity will be assayed in the direction of acetoacetyl-
CoA cleavage by measuring the decrease in absorbance at 303 nm (E=14,000 M-1 cm-1).  
Expression of enzyme A will result in the production of 3-ketobutyric acid if hydrolysis of 3-
ketobutyryl-CoA occurs within the cell. Thus, HPLC and/or GC will be used to test for 
production of 3-ketobutyrate and other metabolites including acetone, which could be produced 
by the spontaneous decarboxylation of ketobutyrate, as well as possible metabolites downstream 
of acetoacetyl-CoA. If 3-ketobutyrate is not detected, expression of an acyl-CoA transferase or 
hydrolase will be considered for production of 3-ketobutyrate. The strain used for enzyme 
expression will be optimized by coordination with thrust 2 where work will be conducted to 
maximize metabolite flow to acetyl-CoA. Since gene selection is critical, the exact choice of 
genes will be based on further literature research, and genes from Clostridia may or may not be 
used. Genes that encode enzymes of known substrate specificity will be given preference. 
Enzymes shown to express well in E. coli will also be preferred. Where substrate specificity is 
uncertain, genes found in clusters that support their functional assignments will be selected. 
 
Expected Milestones and Deliverables 
Tasks:  Genetically engineer E. coli to produce the following compounds: 
 Task 1.  3-ketobutyrate 
 Task 2.  3-hydroxybutyrate 
 Task 3.  3-enoylbutyrate 
 Task 4.  Butyrate 
 Task 5.  3-ketohexanoate 
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 Task 6.  3-hydroxyhexanoate 
 Task 7.  3-enoylhexanoate 
 Task 8.  Hexanoate 
 
Deliverables: 
For each task above, an E. coli strain that produces the indicated compound will be 
developed. 
 
Timeline of deliverables: 
We expect to make butyrate and intermediates by the end of Year 2.  We expect to make 
hexanoic acid and intermediates by the end of Year 3. 
 
Member Company Benefits 
The proposed task will provide microbial catalysts for the production of industrial chemicals 
or platform chemicals. 
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Acetyl-CoA/Propionyl-CoA Synthetase:  Biocatalysts for Diversifying Precursor Pools for 
FAS/PKS Systems 
 
ERC Team Members 
Project Leader:  David J. Oliver, Iowa State University 
Postdocs:  Yiming Guo, Iowa State University 
 
Statement of Project Goals 
The specific goal of this project is to develop biocatalysts (enzymes and enzyme systems) 
that can provide novel acyl-CoA precursors for the polyketide synthesis (PKS) system.  The 
intermediates normally available within the existing PKS are straight-chain, even-number fatty 
acids.  This results because acetate is used to both prime and extend the acyl chain.  In order to 
diversify the range of intermediates, odd-numbered and branched-chain acids will need to be 
included in the reaction.  The goal of this project is to discover and/or engineer acyl synthetases 
that can be used to deliver branched- and odd-numbered intermediates in the PKS system.  The 
immediate short-term goal is to provide a clone of the acetyl-CoA synthetase from Arabidopsis 
that can be expressed in E. coli for use by Thrust 2 (see below). 
 
Project’s Role in Support of the Center’s Strategic Plan 
The objective of CBiRC is to create new biologically-derived platform chemicals to replace 
existing petroleum-derived chemicals for the synthesis of commodity chemicals.  This will be 
accomplished by creating a new series of biological precursors modified from intermediates of 
polyketide synthesis that can then be modified by chemical processes to produce feedstock 
compounds.  The biochemical catalysts that will be created by Thrust 1 will be designed to 
mimic existing PKS (fatty acid synthesis) systems but to create and release a variety of small 
reaction intermediates instead of the long-chain fatty acids that the system currently produces.  In 
order to accomplish this goal, we will need to come up with enzymes that can create novel acyl-
CoA molecules that can serve as precursors for the systems, modified ketoacyl-synthases that 
can use these novel substrates, and new thioesterases and methylketone synthases that can 
release the desired intermediates.  The purpose of this project is to develop the acyl-CoA 
synthetases that can provide novel acyl-CoA molecules as substrates for the process. 
This project will begin by developing a modified acetyl-CoA synthetase that can be used for 
several purposes.  It will allow us to develop enzymology capabilities needed to work with this 
family of proteins.  It will also provide a reagent for Thrust 2 that will allow them to modify 
E. coli to increase its capacity to use acetate as a substrate.  This will be an important organism 
for some of those studies in that it will allow Thrust 2 researchers to experimentally modify the 
rate of acetyl-CoA production and thus evaluate the effect of altering metabolite flux in the 
middle of the pathway.  Our longer term goals are to develop acyl-CoA synthetases that will 
provide propionyl-CoA and branched-chain CoAs as precursors. 
 
Fundamental Research Barriers and Methodologies Used to Address Them 
The biggest initial research barrier is to find an acyl-CoA synthetase that is capable of using 
propionate and isobutyrate (2-methylpropionate) as substrates. The resulting products, propionyl-
CoA and isobutryl-CoA, would be precursors for odd chain length and branched fatty acids, 
respectively.  Some propionyl-CoA synthetases have been reported but none have been cloned.  
We will first develop a broad assay for acyl-CoA synthetases that we can use for screening 
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diverse microbial populations for these activities.  Our initial design will involve feeding a range 
of fatty acid substrates along with CoASH and ATP to cell extracts and then measuring the acyl-
CoA products by LC-MS.  While it will be difficult to make this assay completely quantitative 
(many of the standards are not available) it should be possible to use it in a qualitative 
moderately high-throughput assay to identify interesting acyl-CoA synthetase activities in 
microbes.  Potential genes of interest can then be cloned using genomic information for the 
organism and analyzed after expression in E. coli.  Since it is possible that no naturally occurring 
synthetase can use isobutyrate as a substrate, we will also begin working with the Reilly group to 
investigate converting an existing acyl-CoA synthetase to use this branched substrate.  We have 
already begun work on acetyl-CoA synthetase from Arabidopsis and have identified a new 
malonyl-CoA synthetase from the same organism that might have a more flexible active site. 
 
Accomplishments in the Past Year 
Dr. Yiming Guo has already joined this project as a postdoctoral researcher.  He is a 
molecular biologist with substantial experience working on plant lipid biochemistry.  A second 
postdoctoral researcher, Dr. Jane Roche, will be joining the group this spring using support from 
the college.  She has worked on plant lipid biochemistry for several years. 
The first research project that was undertaken was to clone the Arabidopsis acetyl-CoA gene 
and to express it in E. coli.  The reaction for that enzyme, which is typical of the family of acyl-
CoA synthetases, is: 
 
acetate + CoASH + ATP  acetyl-CoA + AMP + PPi 
 
The Arabidopsis gene is nuclear encoded but imported in chloroplasts, so it has an 
N-terminal targeting sequence that needed to be removed.  The cDNA without the targeting 
sequence was amplified using DNA primers and cloned into the AT vector.  From there, it was 
recloned into pET 24B vector for expression in E. coli.  We are using this protein to develop a 
polyclonal antibody and to develop assays for the enzyme based on the incorporation of 
14C-acetate, the liberation of AMP, and the LC-MS assay described above.  We are also 
providing the vector to Thrust 2, which will use it to create an E. coli line that can be used to 
evaluate the potential metabolic flux of acetyl-CoA into fatty acids in that organism. 
 
Other Relevant Work Within and Outside the Center 
None of which we’re aware. 
 
Plans for the Next Year 
Next year, we plan on characterizing the Arabidopsis acetyl-CoA synthetase.  This will 
involve working out the three assays for the enzyme (assays that involve incorporation of 
14C-labeled fatty acids, liberation of AMP and the formation of acyl-CoAs).  We will also begin 
working with the Reilly group on a structural analysis of this and other acyl-CoA synthetases 
where structural information is available.  We will also begin screening for acyl-CoA synthetases 
that can use propionate and isobutyrate as substrates.  We will transfer the acetyl-CoA synthetase 
to the Thrust 2 group. 
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Expected Milestones and Deliverables 
During the second year, we expect to accomplish the following: 
1. Finish cloning, expression, purification, and characterization of Arabidopsis acetyl-CoA 
synthetase. 
2. Deliver characterized Arabidopsis acetyl-CoA synthetase clone to Thrust 2. 
3. Develop assays for multiple acyl-CoA enzymes from a large number of different microbial 
sources. 
4. Clone, express, and begin characterization of microbial acyl-CoA synthetases. 
5. Begin interactions with the Reilly group in Thrust 1 on structural analysis of acyl-CoA 
synthetases. 
 
Member Company Benefits 
None to date. 
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Acyl-CoA Carboxylases:  Biocatalysts for Diversifying Precursor Pools for FAS/PKS Systems 
 
ERC Team Members 
Project Leader:  Basil J. Nikolau, Iowa State University 
Other Faculty:  Peter J. Reilly Iowa State University 
Graduate Students:  David Cantú Cantú and Yingfei Chen, Iowa State University 
Other Personnel:  Dr. Marna Yandeau-Nelson (Associate Scientist), Iowa State University 
 
Statement of Project Goals 
The goal of this project is to develop acyl-CoA carboxylases that can activate diverse acyl-
CoA molecules to produce novel substrates for 3-ketoacyl-ACP synthases. 
Normally, acetate units are activated for polyketide synthesis by carboxylating acetyl-CoA to 
malonyl-CoA.  The loss of this CO2 group in subsequent reactions drives the condensation 
reaction catalyzed by the 3-ketoacyl synthase.  One of the other projects in this thrust is designed 
to produce branched-chained and odd-numbered acyl-ACS molecules.  In order to incorporate 
these short-chained fatty acids into branched- or odd-numbered 3-ketoacyl synthase products, we 
will need to develop acyl-CoA carboxylases with altered substrate specificities. 
 
Project’s Role in Support of the Center’s Strategic Plan 
The goal of the thrust is to produce a diverse group of biochemicals from the intermediates of 
fatty acid biosynthesis.  While the products of this pathway are normally even-numbered and 
straight-chained, our intention is to also include branched-chain and odd-numbered compounds.  
In order to accomplish this, we will need to incorporate branched-chain units and odd-numbered 
units in addition to the standard extender molecule, acetate.  One of the projects in this thrust is 
designed to produce propionyl-CoA and isobutyryl-CoA as substrate molecules for the 
3-ketoacyl synthase reaction.  This project is designed to produce catalysts that can activate those 
molecules by carboxylation.  This will be accomplished by creating modified acetyl-CoA 
carboxylases as specific biocatalysts. Initially, we will survey the acyl-CoA carboxylases in a 
range of microbial systems in order to identify enzymes with diverse substrate specificities.  
Structural analyses and site-directed mutagenesis will be used to extend the natural range of 
substrates used and to create the necessary biocatalysts for the project that will use unusual acyl-
CoAs as substrates.  The Reilly group will construct a database of the acyl-CoA carboxylase 
genes, proteins, and structures in the literature and public databases. 
 
Accomplishments in the Past Year 
Acetyl-CoA carboxylases from the cytosol and plastid of Arabidopsis have been isolated and 
expressed in E. coli. 
 
Plans for the Next Year 
The range of microbial activities will be explored.  Initial structural work on the Arabidopsis 
enzyme will be undertaken in conjunction with the Noel group. This is an associated project 
which will be funded by the center once the present funding is exhausted. 
 
Member Company Benefits 
Members will have access to unpublished results from experimental and computational 
studies. 
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Methylketone Synthase/Thioesterase:  Development of Methylketone Synthase Enzyme 
Adapated for the Production of Short-Chain Methylketones 
 
ERC Team Members 
Project Leader:  Eran Pichersky, University of Michigan 
Other Faculty:  Joseph P. Noel, Salk Institute 
Undergraduates:  Justin Pacheco, Salk Institute (Cal State, San Marcos) 
Graduate Students:  Geng Yu, University of Michigan 
Postdocs:  Thuong Nguyen and Nazmul Bhuiyan, University of Michigan; Michele Auldridge, 
Michael Austin and Yongxia Guo, Salk Institute 
 
Statement of Project Goals 
Tomato methylketone synthase1 (MKS1) uses as substrate an intermediate in the fatty acid 
biosynthesis pathway, namely 3-ketoacyl-ACP.  In tomato, MKS1 “grabs” the C12, C14 and 
C16 3-ketoacyl-ACPs, hydrolyzes the ACP and decarboxylases the resulting products to give 
C11, C13 and C15 methylketones.  The overall aim of this project is to use MKS to terminate 
fatty acids at an earlier cycle in the chain elongation process, to provide methylketones of shorter 
chain length such as C5 and C7, and to achieve a high level of production of such methylketones. 
To achieve the synthesis of short-chain methylketones, we will use two approaches: 
1) Engineering the existing tomato MKS1 by in vitro mutagenesis based on information derived 
from the crystal structure of the protein (this work will be done with Dr. Noel’s lab at the Salk 
Institute); and 2) by looking for additional natural variants of MKS (which will subsequently be 
structurally characterized by Noel’s group).  To achieve efficient production, we will examine 
the function and interaction of a second tomato methylketone synthase, named MKS2, whose 
presence has recently been shown to be necessary for methylketone production by MKS1.  This 
will be done by first express in this gene in E. coli and then co-expressing both genes in E. coli, 
in both cases examining the effect on methylketone production, and the results will be cross-
checked with similar in vitro work by Noel’s group.  Below are the more specific goals we set. 
 
Goal 1.  Develop an MKS that catalyzes the formation of short-chain methylketones. 
Task 1. Perform in vitro mutagenesis of tomato MKS1. 
Task 2/3. Clone and characterize new MKS natural variants from various tomato 
accessions, and from other species, express them in E. coli and characterize their 
activity. 
Task 4. Work with Noel’s group to structurally characterize these enzymes. 
 
Goal 2.  Improve the efficiency of MKS. 
Task 1. Analyze newly discovered tomato thioesterase-like protein by expression in E. 
coli and measure effect on fatty acids. 
Task 2. Co-express MKS1 and MKS2 (TEL) in E. coli and measure effect on fatty acid 
biosynthesis. 
Task 3. Work with Noel’s group to structurally characterize enzymes and improve their 
catalytic abilities. 
Task 4. Work with Thrust 2 to analyze flux in E. coli. 
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Fundamental Research Barriers and Methodologies Used to Address Them 
Generally, methylketone synthases and ketosynthases discovered in biological systems do 
not produce during the course of their normal in vivo products most amenable to efficient 
engineering by Thrusts 1 and 2.  Specifically, these biological systems have been tuned by 
millions of years of selective pressure to produce longer chain products necessary for organismal 
viability.  For instance, our current focus, Methylketone Synthase 1 (MKS1), produces a normal 
distribution of C11, C13 and C15 methylketone products using intermediates normally 
biosynthesized during the normal course of fatty acid biosynthesis in the chloroplast of several 
plants.  By using high-resolution protein crystallography of MKS1 in a number of 
conformational states with small molecules bound, we will provide accurate three-dimensional 
templates necessary for the predictive site-directed engineering of MKS1 for the efficient 
production of C3, C5 and C7 methylketone products.  Moreover, these structural templates 
coupled with quantitative in vitro kinetic characterization will allow us to tune the efficiency of 
the biocatalytic system. 
 
Accomplishments in the Past Year 
 
Goal 1.  Develop an MKS that catalyzes the formation of short-chain methylketones. 
 
Task 1.  Perform in vitro mutagenesis of tomato MKS1. 
Together with Noel’s group, quite a few mutants have been made and tested for activity 
with a single substrate (C14).  We are gearing up to test these mutants with shorter substrates 
in vitro (Noel’s group is preparing the substrates).  Depending on the results, we will send the 
clones to the people in Thrust 2 to express in bacteria.  [The wild-type MKS has already been 
sent to Thrust 2 investigators for expression in bacteria]. 
 
Tasks 2 and 3.  Clone and characterize new MKS natural variants from various tomato 
accessions, and from other species, express them in E. coli and characterize their activity. 
We have begun to grow plants of different species, and will shortly begin cloning of 
MKS1 cDNAs from them.  However, we very recently made a significant discovery that 
MKS2, the protein formerly called in the proposal TEL (thioeserase-like, see Goal 2), is 
widely distributed in the plant kingdom, and it can produce methylketones when expressed 
by itself in E. coli. We have now analyzed MKS2 from two tomato species and from 
Arabidopsis (Arabidopsis has three functional MKS2 genes).  We are expressing these genes 
with varying success in E. coli and testing for activity by measuring methylketone production 
(by GC-MS).  We have observed the production of methylketones from the MKS2 cDNAs of 
the two different tomato species and from two of the three Arabidopsis MKS2 cDNAs.  
Promisingly, each MKS2 produces a somewhat different range of methylketones.  One 
tomato MKS2 and one Arabidopsis MKS2 produce predominantly C7 and C9 methylketones 
and less of the longer ones.  All these clones are now being optimized for expression in E. 
coli, and we are also gearing up to do heterologous expression in plants (Arabidopsis, 
tomato, tobacco). The two tomato MKS2 cDNAs have been sent to Thrust 2 group members 
for optimization for microbial expression.  We are also working on purifying these proteins 
and doing in vitro enzymatic assays with substrates that are being synthesized in Dr. Noel’s 
group.  In addition, we are working on determining the subcellular localization of MKS2 
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proteins in planta, because this information will help us in determining the exact substrates 
used by MKS2 (CoA or SCP conjugates). 
 
Task 4.  Work with Noel’s group to structurally characterize these enzymes. 
All the MKS2 cDNAs described above have been sent to Dr. Noel’s lab and they have 
begun the structural work.  The Noel group determined the x-ray crystal structure of MKS1, 
a highly unusual alpha beta hydrolase superfamily enzyme.  The structure confirms 
homology-based predictions that MKS1 lacks the crucial active site nucleophile found in 
alpha beta hydrolase catalytic triads.  Although the predicted structure suggested MKS1 
functioned as an impaired thioesterase, a combination of protein x-ray crystal structure 
determinations, structure-guided mutagenesis and functional assays now implicate the 
emergence of bi-functional catalytic machinery responsible for beta-ketoacyl-specific 
thioesterase activity and decarboxylation of cleaved beta-ketoacids.  These complementary 
structure-function studies indicate that MKS1 has forsaken the nearly ubiquitous 
(thio)esterase catalytic machinery to evolve an alternative active site configuration better 
suited for its specialized task in plant secondary metabolism.  These structures have served as 
the starting point for the site-directed mutagenesis of MKS1 focused on shortening chain-
length selectivity.  To facilitate a more efficient in vitro screening system to quantify 
selectivity and catalytic efficiency, we have thus far chemically synthesized a 
N-acetylcysteamine-linked thioester conjugate.  Upon cleavage, this conjugate will allow us 
to use a coupled colorimetric system to kinetically quantify the amount of released 
N-acetylcysteamine that directly correlates with the concentration of released beta-ketoacids. 
Coupled with a separate decarboxylation-based assay, we will be able to kinetically dissect 
each step in the MKS1 catalyzed reaction. 
 
Goal 2. Improve the efficiency of MKS. 
 
Task 1.  Analyze newly discovered tomato thioesterase-like protein by expression in E. coli 
and measure effect on fatty acids. 
As described above, we have made significant progress in analyzing MKS2 sequences, 
and this part now constitutes a major focus of the investigation. 
 
Task 2.  Co-express MKS1 and MKS2 (TEL) in E. coli and measure effect on fatty acid 
biosynthesis. 
We have been trying hard to accomplish this.  Initially, we used two different constructs 
of expression vectors which we co-selected in E. coli to get co-expression.  So far, we have 
not been able to get expression of both MKS1 and MKS2 in the same cell; only one gene 
expressed at a time.  We are now trying the pDUET vector (which accommodates two 
genes).  We are also constructing a binary vector for plant transformation which will carry 
both genes. 
 
Task 3.  Work with Noel’s group to structurally characterize enzymes and improve their 
catalytic abilities. 
All the MKS2 cDNAs described above have been sent to Dr. Noel, and they have begun 
the structural work.  As we get more information about biochemical activity in vivo and in 
E. coli (i.e., the chain-length of the methylketones produced), we will be able to correlate 
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specific amino acid residues with biochemical activity.  This information, together with 
3-dimensional structural data from Noel’s group, will allow us to make specific amino acid 
substitutions by in vitro mutagenesis to obtain enzymes that make shorter methylketones 
efficiently. 
 
Task 4.  Work with Thrust 2 to analyze flux in E. coli. 
The tomato MKS1 cDNA and two tomato MKS2 cDNAs have already been sent to 
Thrust 2 investigators.  We will shortly send them the Arabidopsis MKS2 cDNAs as well.  
We are waiting to hear from them how the expression of these genes in E. coli has affected 
metabolic fluxes in general, and how methylketone production is optimized.  Based on this 
information, we will be able to send them additional MKS1 and MKS2 cDNAs, both wild-
type and modified ones. 
 
Other Relevant Work Within and Outside the Center 
In separate NSF-funded research, we are probing the evolution of type III polyketide 
synthase-based biosynthetic systems from a diversity of plants.  This work is directly focused on 
the fundamental evolution of these biosynthetic systems using the same combination of 
techniques used as part of this ERC-funded project.  Nevertheless, the principles we learn 
particularly about the process of evolutionary refinement of type III polyketide synthases can be 
applied to our rationally-based engineering of type III systems during subsequent years of this 
project. 
 
Plans for the Next Year 
 Optimization of expression of tomato and Arabidopsis MKS2 cDNAs in E. coli. 
 Optimization of co-expression of MKS1 and MKS2 in E. coli. 
 Purification of MKS proteins and in vitro enzyme assays. 
 Overexpression of MKS2 by itself and co-expression of MKS1 and MKS2 in plants for 
functional analysis (subcellular localization, production of methylketones). 
 Together with Dr. Noel’s group, identification of structural features that enhance the 
production of short methylketones by MKS1, MKS2, or a complex of MKS1 and MKS2. 
 Within the next 12 months, the Noel group will produce and structurally characterize 10-20 
MKS1 mutants designed to accept short-chain beta-ketothioester substrates and exclude their 
more typical long-chain substrates.  In addition, they will further develop the synthetic 
chemistry necessary to produce a larger variety of N-acetyl-cysteamine thioester conjugates 
for more efficient in vitro screening. 
 
Expected Milestones and Deliverables 
Several enzymes that can synthesize a range of short-chain methylketones.  We will deliver 
natural variants of MKS2 that make C7 and C9 methylketones within 6-12 months.  We expect 
in vitro mutagenized MKS enzymes that make shorter methylketones within 1-3 years. 
 
Member Company Benefits 
Members will have access to unpublished results from experimental and computational 
studies. 
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Thioesterases:  Characterization of Novel Biocatalysts (Thioesterases) for Diversifying 
FAS/PKS Metabolic Pathways 
 
ERC Team Members 
Project Leader:  Basil J. Nikolau, Iowa State University 
Other Faculty:  Joseph P. Noel, Salk Institute; Peter J. Reilly Iowa State University 
Undergraduates:  Justin Pacheco, Salk Institute (Cal State, San Marcos) 
Graduate Students:  David Cantú Cantú, Yingfei Chen, and Fuyuan Jing, Iowa State University 
Postdocs:  Michele Auldridge, Michael Austin and Yongxia Guo, Salk Institute 
Other Personnel:  Dr. Marna Yandeau-Nelson (Associate Scientist), Iowa State University 
 
Statement of Project Goals 
Biocatalysts for terminating FAS/PKS system at 6-8 carbon chain lengths.  The goal of this 
project is to identify and characterize novel biocatalysts from plant and microbial polyketide 
synthase (PKS) systems for the purpose of diversifying the fatty acid synthase (FAS) systems of 
E. coli and the yeast Saccharomyces cerevisiae.  This project targets enzymes that could be used 
to prematurely terminate FAS at shorter chain lengths than normal.  Specifically, we have 
targeted acyl-ACP thioesterases (EC 3.1.2.14 and EC 3.1.2.21) as the biocatalysts that will 
prematurely terminate FAS, and acyl-CoA thioesterases (EC 3.1.2.2 and EC 3.1.2.20) as the 
biocatalysts that can terminate CoA-dependent acyl ester biosynthetic pathways.  Initial goals 
aim to clone and express orthologs of these biocatalysts from diverse biological sources that are 
known to show distinct substrate specificities, different from the E. coli and S. cerevisiae hosts 
that will be used for creating the platform for producing biorenewable chemicals.  The Noel 
group will crystallize these proteins in order to determine the 3-D structures of these biocatalysts.  
This structural knowledge will be used for site-directed mutational experiments designed to 
construct biocatalysts with increased specificity for shorter fatty acids.  The Reilly group will 
construct databases of all the thioesterase genes, proteins, and structures uncovered in the 
literature and public database sources. 
 
Project’s Role in Support of the Center’s Strategic Plan 
One of the major goals of the Center is to create a biological system based on FAS/PKS, 
which can produce a suite of chemicals that are shorter than 6-carbon atoms.  One means for 
achieving this goal is to find biocatalyst(s) for stopping the elongation process of FAS at less 
than 6-carbon atoms.  Normally, FAS in E. coli and yeast is terminated at 16 and 18 carbon 
atoms by a specific acyl-ACP thioesterase.  However, plant systems exist that can terminate the 
elongation process of FAS with different versions of acyl-ACP thioesterases that have specificity 
for chain lengths of 8, 10, 12, and 14 carbon atoms.  The goal of this project is two-fold: 1) find 
and characterize the molecular details of the nature of these thioesterases that display different 
substrate specificities; and 2) based on the understanding of the design-principle of these 
thioesterases, create by mutagenesis thioesterases that have the desired substrate specificities. 
 
Accomplishments in the Past Year 
1. Cloning of cDNAs from oil palm seeds (Elaeis guineensis) that normally produces large 
quantities of 12-carbon fatty acids. 
2. Identified nearly 450 sequences in the existing protein sequence databases that encode 
different orthologs of acyl-ACP thioesterases. 
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3. Identified nearly 200 sequences in the existing protein sequence databases that encode 
different orthologs of acyl-CoA thioesterases. 
4. Searched the USDA Plant Introduction Station (Ames, IA) GRIN database to identify and 
query about 20 different Cuphea species, whose seeds accumulate large quantities of 8, 10, 
12, and 14-carbon fatty acids.  This germplasm will be a source of thioesterases that will 
have the properties we seek to characterize, in that these enzymes normally terminate FAS at 
these shorter chain lengths. 
5. Identified a potential source of a thioesterase that can terminate FAS at 6-carbon chain 
length. 
 
Plans for the Next Year 
1. Clone thioesterase-encoding cDNAs from a diverse source of biological sources that would 
be predicted to have specificities for terminating FAS at 8, 10, 12 and 14 carbon atoms. 
2. Express each of these cDNAs in our work-horse strains for biochemical characterization that 
will directly ascertain whether the isolated thioesterases have the desirable traits (i.e., 
terminating FAS at 8, 10, 12 and 14 carbon atoms). 
3. In collaboration with Basil Nikolau’s group, the Noel group will provide the necessary 
expression plasmids for his group to over-produce several thioesterases in bacterial 
fermentation systems.  If successful, they plan to begin the crystallization screening of 
successfully expressed thioesterases by the Nikolau group. 
 
Expected Milestones and Deliverables 
Expected milestones and deliverables of the project include cDNA clones and expression 
systems of thioesterases that can terminate FAS at 8, 10, 12 and 14 carbon atoms. 
 
Member Company Benefits 
Members will have access to unpublished results from experimental and computational 
studies. 
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Thrust 2 – Microbial Metabolic Engineering 
 
Bioinformatics 
 
Bioinformatics Part A:  E. coli 
 
ERC Team Members 
Project Leader:  Julie Dickerson, Iowa State University 
Other Faculty:  Laura Jarboe, Eve Wurtele and Jacqueline Shanks, Iowa State University; Ramon 
Gonzalez and Ka-Yiu San, W. M. Rice University 
 
Statement of Project Goals 
Develop models to integrated in-house omics data with existing databases to provide a 
system-wide view of the production strains.  Develop tools based on a systems-wide approach to 
provide insights and suggestions for further strain improvement. 
 
Project’s Role in Support of the Center’s Strategic Plan 
The bioinformatics tools developed in this project will provide a new model for improving 
strains and achieving optimized product production. 
 
Fundamental Research Barriers and Methodologies Used to Address Them 
Meaningful data integration across heterogeneous data sources is difficult to achieve as the 
importance and reliability of data sources is unknown at this time. 
 
Accomplishments in the Past Year 
The Dickerson Lab has developed methods for displaying all of the metabolic pathways in an 
organism in a hierarchical fashion using the software package, MetNetGE.  In the figure on the 
following page, the pathways from the EcoCyc (www.ecocyc.org) are shown organized by 
metabolic roles.  The structures in the middle of the visualization show the superpathways.  The 
outer circles show the individual pathways.  The yellow flywires show when two pathways are 
connected.  This visualization is based on the Google Earth platform which provides exceptional 
ease of use. 
The Dickerson lab has also downloaded E. coli expression data from the Gene Expression 
Omnibus repository.  This data is being used to infer potential gene regulatory networks using a 
variety of graph clustering algorithms. 
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Other Relevant Work Within and Outside the Center 
Biological network visualization has focused on networks such as protein-protein interaction 
networks, where all the information comes from the same source or individual pathway. 
Visualizations of larger, heterogeneous networks tend to be visually complex and impossible to 
interpret. This work focuses on using 3D tools to help users get a quick overview of what is 
happening in the network. 
Many studies have been done to learn gene regulatory networks from microarray data.  Our 
work will integrate networks from different sources and combine them with pathway data 
information to get a more complete picture of interactions. 
 
Plans for the Next Year 
The Dickerson lab will continue to develop new tools for data visualization and exploration. 
These tools will be paired with analytical models for the systems of interest. 
 
Expected Milestones and Deliverables 
May 2009: We will deliver a version of the MetNetGE software that integrates omics data, 
hierarchical views, and layered network views. 
July 2009: Complete construction of an integrated gene regulatory map that combines 
information from publicly available gene expression data and key methods for 
data organization. 
Sep. 2009: Make a Biomart (a structure for storing and integrating heterogeneous data types) 
with publicly available data and project-generated data for the E. coli team. 
 
Member Company Benefits 
The visualization tools and the methods for creating metabolic networks would be useful for 
scientists at these companies. 
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Bioinformatics Part B:  S. cerevisiae 
 
ERC Team Members 
Project Leader:  Eve Wurtele, Iowa State University 
Other Faculty:  Julie Dickerson and Jacqueline Shanks, Iowa State University; Nancy Da Silva 
and Suzanne Sandmeyer, University of California - Irvine 
Graduate Students:  Jonathan Hurst and Yves Sucaet, Iowa State University 
 
Statement of Project Goals 
Develop models to integrated in-house omics data with existing databases to provide a 
system-wide view of the production strains.  Develop tools based on a systems-wide approach to 
provide insights and suggestions for further strain improvement. 
 
Project’s Role in Support of the Center’s Strategic Plan 
The bioinformatics tools developed in this project will provide a new model for improving 
strains and achieving optimized product production. 
 
Fundamental Research Barriers and Methodologies Used to Address Them 
Meaningful data integration across heterogeneous data sources is confounded because the 
reliability of data sources and types is difficult to evaluate.  Eukaryotic organisms such as yeast 
have multiple layers of regulatory and metabolic complexity, which proved a challenge for 
analysis.  Much pathway information and gene functional annotation for yeast is still unknown. 
 
Accomplishments in the Past Year 
The Wurtele Lab has established a direct pipeline to transcriptomics data for ArrayExpress.  
This will enable an evaluation of yeast data in the context of project data and metadata.  In 
addition, it will be used to create models of polyketide metabolism and its regulation based on 
combined network and transcriptomics data.  A recent (much needed) update of the yeast 
pathways has come out, and we are developing a method to import this data to MetNetDB. 
Even though it is a relatively simple organism relative to other eukaryotes, yeast networks 
are much more complex than those of prokaryotes such as E. coli.  In addition, unlike 
prokaryotes, yeast networks have an added layer of compartmentation that impacts regulation of 
metabolism   Thus, analysis of these networks and the components within them that regulate 
composition can be much more challenging.  To incorporate this information, the Wurtele lab is 
identifying the best sources of importing data. 
To simplify viewing of E. coli and yeast pathways in MetNetGE, the Wurtele lab is 
implementing a set of standardized rules to generate chemical, gene, and pathway abbreviations. 
 
Other Relevant Work Within and Outside the Center 
We have established a web-based database (MetNetOnLine) to explore and evaluate 
metabolic and signaling pathways, and to easily export these pathways to additional viewing and 
analysis software.  This structure will facilitate extraction of relevant network pieces from the 
model organisms and strains. 
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Plans for the Next Year 
The Wurtele lab will continue to implement yeast pathway information and annotations into 
MetNetDB.   Using the yeast fatty acid synthesis and regulatory network provided by Nancy Da 
Silva and Suzanne Sandmeyer, we will form the core of the yeast polyketide metabolic and 
regulatory network.  The combined network information - genetic algorithm approach will be 
developed. 
 
Expected Milestones and Deliverables 
June 2009: Export the extant yeast network for visualization as well as microarray data and 
other experimental data from Thrust 2 researchers into the MetNetGE software 
that integrates omics data, hierarchical views, and layered network views. 
July 2009: Complete import of yeast data into MetNetDB. 
Sep. 2009: Work closely with Thrust 2 yeast biologists to establish the initial draft of the 
polyketide network for yeast. 
 
Member Company Benefits 
The software and the yeast network database would provide an excellent tool for scientists at 
industries in their analysis of factors that contribute to composition. 
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Flux Analysis 
 
ERC Team Members 
 
Flux Analysis Part A:  E. coli 
Project Leader:  Jacqueline Shanks, Iowa State University 
Other Faculty:  Ramon Gonzalez and Ka-Yiu San, W. M. Rice University 
Graduate Students:  Marvin Mercado, Iowa State University 
 
Flux Analysis Part B:  S. cerevisiae 
Project Leader:  Jacqueline Shanks, Iowa State University 
Other Faculty:  Laura Jarboe, Iowa State University 
Graduate Students:  Ting Wei Tee, Iowa State University 
 
Statement of Project Goals 
The goal of the project is to construct metabolic flux maps for E. coli and S. cerevisiae, for 
both the wild-type and engineered strains and under various operating conditions. The flux maps 
from this project will be used to guide further genetic manipulations for strain improvement. 
 
Project’s Role in Support of the Center’s Strategic Plan 
Metabolic flux maps are an integral part of the metabolic engineering design cycle to 
construct strains that produce fatty acids and methylketones, the intermediate chemicals that 
require catalysis via Thrust 3 to make the two CBIRC test beds of α-olefins and dienes, 
respectively.  Metabolic fluxes are an important physiological characteristic, providing a global 
perspective of the integrated functioning between levels of transcripts, proteins, and metabolites 
to cellular phenotype. Metabolic flux analysis identifies potential bottlenecks in the reaction 
network that limit production of the target compound. These bottlenecks are then genetically 
engineered out in the next metabolic engineering cycle. 
 
Fundamental Research Barriers and Methodologies Used to Address Them 
A key barrier in the overall goals of Thrust 2 will be to shorten the metabolic engineering 
cycle. Since flux plays an integral role in the metabolic engineering cycle, this means a quick 
turnaround time for flux analysis results to the strain construction and bioinformatics projects. 
Fundamental barriers for metabolic flux analysis lie in (1) the validation of the flux map, (2) 
in deciding the right metabolic flux analysis mapping tool for the application, and in (3) the 
correct basis of the metabolic flux results to integrate into the bioinformatics framework for 
comparison to other data sets. For validation of the flux map, the network topology and 
nomenclature will be coordinated with the Bioinformatics project that mines E. coli and 
S. cerevisiae data.  In deciding the tradeoff in the time-intensive but information-rich 
comprehensive flux analysis versus a more high-throughput “fluxomics” method (which either 
only uses partial labeling information to obtain a flux map or correlates labeling information via 
a bioinformatics approach), an assessment of conventional MFA and fluxomics MFA will be 
benchmarked with comprehensive MFA, so that a design strategy can be assessed so that more 
strains can be characterized at the level needed. 
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Accomplishments in the Past Year 
In the first year, two new students are being trained in the techniques needed for conventional 
and 13C metabolic flux analysis (MFA) experiments. This training includes coursework in 
metabolic engineering, NMR spectroscopy, and metabolomics techniques.  Biomass 
characterization and HPLC analysis of fermentation broth are additional analytical methods 
learned.  Training and test runs for batch and chemostat operation in a new Multifors 2X500 mL 
reactors are being performed. Training on the analysis of NMR spectra and use of the flux 
mapping software, NMR2Flux, are enabling the initial comprehensive metabolic flux maps for 
E. coli and S. cerevisiae. This training sets the stage for the first steady-state labeling 
experiments towards the latter end of the first calendar year. Understanding of the NMR2flux 
program code by Ting Wei Tee will enable modifications of the code for use of multiple label 
substrates and carbon sources, as well as identifiability analysis for optimal use of 13C substrates. 
Two workshops led by Dr. Ann Perera for the Thrust 2 team on the identification and 
quantification of fatty acid and related compounds by MS was held via Adobe connect.  These 
measurements enable the Strain Characterization & Optimization, Omics Experiments, and Flux 
Analysis projects. 
 
Other Relevant Work Within and Outside the Center 
Metabolic flux maps have been developed for soybean cotyledons and cultures, as well as 
corn cell suspensions. The ideas on how to model compartmentation in these plant flux maps will 
support construction of compartmentation of the yeast flux map. 
 
Plans for the Next Year 
Conventional flux analysis (based on measurements of extracellular metabolites) on aerobic 
wild-type E. coli and S. cerevisiae will be performed as a base case for the metabolic flux maps.  
The network topology and nomenclature will be coordinated with the Bioinformatics project 
(examples are Ecocyc and yeast consensus metabolic network, http://www.comp-sys-
bio.org/yeastnet/).  Experimental measurements of the labeling of carbohydrate pools in yeast 
will be used to enable modeling of cellular compartmentation.  The extension of these flux maps 
under different environmental conditions (toxicity studies) and to methylketone-producing 
strains and fatty acid producing strains as they become available will be performed. 
 
Expected Milestones and Deliverables 
The deliverables will be metabolic flux maps of wild-type E. coli and S. cerevisiae strains. 
 
Member Company Benefits 
None at this time. 
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Omics Experiments 
 
Omics Experiments Part A:  E. coli 
 
ERC Team Members 
Project Leader:  Ramon Gonzalez, W. M. Rice University 
Other Faculty:  Ka-Yiu San, W. M. Rice University; Laura Jarboe, Iowa State University 
Graduate Students:  Maria Rodriguez-Moya, W. M. Rice University; Liam Royce, Iowa State 
University 
 
Statement of Project Goals 
The overall goal of this project is to conduct functional genomics studies of E. coli strains 
engineered for the production of fatty acids and methylketones and their wild types. Functional 
genomics tools to be used will allow the system-wide characterization of gene and protein 
expression along with metabolites. These include DNA microarrays for gene expression 
profiling, 2-D Fluorescence Difference Gel Electrophoresis (2-D DIGE) combined with Mass 
Spectroscopy for protein identification and quantification of their expression levels, and Nuclear 
Magnetic Resonance and Mass Spectroscopy for metabolite identification and quantification. 
Strains engineered to produce and/or tolerate high levels of fatty acids and methylketones will be 
profiled using the aforementioned approaches. 
 
Project’s Role in Support of the Center's Strategic Plan 
The results from this project will directly contribute to both test beds proposed in the 
Center’s strategic plan, namely the production of α-olefins and dienes. The functional genomic 
analysis of strains producing specific products in each of these test beds will contribute to the 
elucidation of the underlying mechanisms mediating their metabolic performance. These results, 
in turn, will guide engineering efforts to construct high-producing and high-tolerant strains. The 
establishment of this systems biology-based approach would be of great assistance in the design 
of other biocatalysts. 
 
Fundamental Research Barriers and Methodologies Used to Address Them 
Of the three functional genomics approaches to be used in this project, the best-established 
methodologies are in the use of DNA microarrays to characterize global gene expression. On the 
other hand, while tolerance to target products has already been evaluated in the case of 
methylketones (see below), no strain that produces significant levels of methylketone or fatty 
acids has been constructed yet. Consequently, one of the barriers we currently face is the 
availability of engineered, high-producing or product-tolerant strains. This is being addressed by 
constructing such strains (as described in the project “Strain Construction” and below, under 
plans for next year). A second barrier is the implementation of appropriate techniques for global 
protein and metabolite profiling. To address this barrier, we are training participating students on 
the use of 2-D Fluorescence Difference Gel Electrophoresis (2-D DIGE) and Mass Spectroscopy 
in a recently established proteomic facility at Rice University.  
 
Accomplishments in the Past Year 
In the first year of this project, students have been trained on the use of DNA microarrays for 
the global characterization of gene expression in E. coli. A “training experiment” that assesses 
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differences in gene expression during a temperature up-shift was used for this purpose. Initial 
training on the use of 2-D Fluorescence Difference Gel Electrophoresis (2-D DIGE) to 
characterize protein expression was also conducted. 
Since 2-undecanone (MKC11), 2-tridecanone (MKC13), 2-pentadecanone (MKC15) are the 
methylketones (MK) under consideration, the toxicity of different wild-type E. coli strains to 
these compounds was evaluated. It is anticipated that the highest toxicity (weight basis) will be 
observed for 2-undecanone, and as such, this methylketone was the first to be studied. Inhibition 
curves and 50% inhibitory concentrations (IC50) were established for 2-undecanone using strain 
MG1655 grown on rich medium and aerobic conditions. The calculated IC50-MKC11 was 10 mM 
(1.7 g/L) but significant growth was observed up to 100 mM (17 g/L). These studies are the basis 
to establish evolutionary strategies to obtain MKC11-tolerant strains and design experiments to 
evaluate the global response of the cells to MKC11.  
 
Plans for the Next Year  
During the first year, our efforts on functional genomics will be focused on two directions. 
First, the global gene expression profiling (DNA microarray) of E. coli strains exposed to 
different concentrations of 2-undecanone and 2-undecanone-tolerant strains will be conducted. 
This study will aim at identifying the genes involved in the response of E. coli to the presence of 
2-undecanone in the medium. These results are expected to benefit our work on improving 
tolerance to 2-undecanone via metabolic engineering and metabolic evolution strategies. Similar 
experiments will be performed for E. coli strains exposed to different concentrations of short-
chain (C8 and C10) fatty acids. Second, the methodologies to be used in the global protein 
expression profiling of E. coli will be established. This includes the complete workflow to 
conduct 2-D Fluorescence Difference Gel Electrophoresis (DIGE). 
 
Expected Milestones and Deliverables 
For next year, we expect to: i) identify genes involved in the response and tolerance to (a) 2-
undecanone and to (b) short chain fatty acids in E. coli, and ii) implement techniques and train 
students for the global protein expression profiling of engineered strains that produce fatty acids 
or methylketone and/or are tolerant to these products. 
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Omics Experiments Part B:  S. cerevisiae 
 
ERC Team Members 
Project Leader:  Laura Jarboe, Iowa State University 
Other Faculty:  Suzanne Sandmeyer and Nancy Da Silva, University of California - Irvine 
Graduate Students:  John Park, W. M. Rice University 
Postdocs:  Mai Li and Xiujun Zhang, W. M. Rice University  
 
Statement of Project Goals 
The goal of this project is to characterize the genome-wide properties associated with the 
production of and adaptation to short chain fatty acids at a high titer.  Previous studies have 
shown that yeast is sensitive to growth inhibition by concentrations as low as 20 mg/L octanoic 
acid.  Because a successful biocatalyst must tolerate concentrations higher than 20 mg/L, 
identifying and relieving these inhibitory effects is critical.  Starting with the transcriptome and 
eventually expanding to proteomic and metabolomic analysis, these studies will aid in the 
identification of stress points and metabolic bottlenecks in fatty acid production.  Additionally, 
these studies will enable further understanding of the fatty acid production pathways and their 
regulation. 
The specific goals of this project fall into two major categories: the omic analysis of wild-
type yeast in the presence of moderate and high amounts of short-chain fatty acids and the omic 
analysis of a metabolically engineered fatty-acid-producing biocatalyst.  The first category serves 
to identify mechanisms of growth inhibition by short-chain fatty acids.  The second category 
serves in the identification of metabolic changes and burdens associated with the production of 
high titers of short-chain fatty acids. 
 
Project’s Role in Support of the Center’s Strategic Plan 
This project serves the central CBiRC strategic plan by contributing to the α-olefin test bed 
and will lead to the development of a standard method for biocatalyst optimization for future 
products.  Specifically, this project will aid in both the understanding of the fatty-acid 
biocatalytic machinery and in the design of efficient biocatalyst systems and contributes to the 
Thrust 2 and Thrust 3 critical milestones. 
 
Fundamental Research Barriers and Methodologies Used to Address Them 
Transcriptome analysis is a well-established tool, and there is a depth of expertise within 
Thrust 2.  Proteomic and metabolomic analysis is not as well established and is also relatively 
new to most team members.  Therefore, a significant training period is expected for proteomic 
and metabolomic analysis.  Additionally, a research barrier to this project is the acquisition of an 
optimized fatty-acid producing biocatalyst for omics analysis.  As the optimized biocatalyst is 
not expected until years 3-4, many of these omics experiments cannot proceed at this time.  
However, we can begin to analyze the fatty acid stress response in the wild-type biocatalyst. 
 
Accomplishments in the Past Year 
As described above, this project is highly dependent upon the construction of a fatty-acid 
producing biocatalyst, and thus, no experimental progress has been made so far. 
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Plans for the Next Year 
The plan for the next year is to acquire and train graduate students for this project and to 
begin characterization of the transcriptomic response of the wild-type yeast to moderate and high 
levels of short-chain fatty acids. 
 
Member Company Benefits 
None at this time. 
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Strain Characterization and Optimization 
 
Strain Characterization and Optimization Part A:  E. coli 
 
ERC Team Members 
Project Leader:  Ka-Yiu San, W. M. Rice University 
Other Faculty:  Ramon Gonzalez, W. M. Rice University; Laura Jarboe, Iowa State University 
Graduate Students:  John Park, W. M. Rice University; Liam Royce, Iowa State University 
Postdocs:  Mai Li and Xiujun Zhang, W. M. Rice University 
 
Statement of Project Goals 
The goal of the project is to characterize the production strains under various operating 
conditions and to further optimize their performance. The results/data from this project will be 
used to design omics experiments and to guide further genetic manipulations for strain 
improvement. 
 
Project’s Role in Support of the Center’s Strategic Plan 
The characterization study will assess the effect of genetic manipulations on the performance 
of the production strains and will provide important data/inputs for improving strains and 
achieving optimized product production. 
 
Fundamental Research Barriers and Methodologies Used to Address Them 
The success of this project requires the development of reliable and reproducible protocols to 
quantify fatty acid and methylketone production levels. Equally important is the proper design of 
experiments to assess the performance of the strains constructed in the Strain Construction & 
Optimization project. In addition, appropriate data analysis methodology is needed to provide 
feedback for further genetic manipulation to improve the performance of the production strain. 
The required methodologies for product detection are being developed and evaluated. At the 
same time, high throughput techniques are being developed to screen for high producers. Design 
of experiment methodology will be used to guide the experimental design. Mathematical models, 
such as metabolic flux analysis, are being developed. 
 
Accomplishments in the Past Year 
We have confirmed the mutant strains developed in Strain Construction & Optimization 
project (Part A, E. coli) using genomic PCR. We have also begun to perform shake flask 
experiments with strains and plasmids constructed in this project while working on developing 
standardized procedures to quantify fatty acid and methylketone production levels. Several high 
throughput experiments using a flow cytometer were performed, and preliminary results 
suggested that these techniques may be adapted for the screening of high fatty acid or 
methylketone producers. Work is underway to confirm these results. If confirmed, these 
techniques will be extremely useful for the development of high fatty acid and methylketone 
producing strains. 
 
Other Relevant Work 
Similar work is being done in CBiRC on S. cerevisiae as the system. 
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Plans for the Next Year 
The focus for the coming year will still be on characterizing the fatty acid and methylketone 
producing strains. The main focus will be on studying the effect of various key operating 
conditions on strain performance. The metabolic flux analysis model will continue to be 
developed to facilitate data analysis and guide experimental design. 
 
Expected Milestones and Deliverables 
The deliverables for the coming year will be quantified assessment of the performance of the 
E. coli strains and plasmids developed in the Strain Construction & Optimization project.  
 
Member Company Benefits 
The benefits are the development of strains for the synthesis of precursors for the synthesis of 
α-olefins and dienes. 
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Strain Characterization and Optimization Part B:  S. cerevisiae 
 
ERC Team Members 
Project Leader:  Nancy Da Silva, University of California - Irvine 
Other Faculty:  Suzanne Sandmeyer, University of California - Irvine 
Graduate Students:  Christopher Leber, University of California – Irvine 
Postdocs:  Fang Fang and Tarek Najdi, University of California - Irvine 
 
Statement of Project Goals 
The goal of this work is to characterize the production strains under various operating 
conditions and to further optimize their performance. 
 
Project’s Role in Support of the Center’s Strategic Plan 
The first year goal is to construct and characterize microbial strains to produce two test bed 
chemicals, fatty acids and methylketones. These two test beds will provide opportunities to 
ultimately integrate all three research thrusts. Genes and pathways discovered/developed in 
Thrust 1, the Pathway Discovery group, for fatty acid and methylketone synthesis will be 
integrated into the production strains in Thrust 2. Similarly, the products from Thrust 2, fatty 
acid and methylketones will serve as precursors for the synthesis of α-olefins and dienes by 
Thrust 3, the Chemical Catalysis group. 
 
Fundamental Research Barriers and Methodologies Used to Address Them 
The research requires the ability to detect and quantify fatty acid and methylketone 
production levels, overcome cell viability or gene stability issues, and design appropriate 
experiments to interrogate the success of the strain constructions. The required methodologies 
for product detection are being developed and evaluated. Gene regulation and cultivation 
strategies will be used to ensure viability and stability. Modeling efforts will help to guide 
experimental design. 
 
Accomplishments in the Past Year 
Strain characterization follows strain construction (which has been the major focus during the 
first six months of the grant). However, we have begun to plan our characterization studies and 
learn the required fatty acid and methylketone detection methods. In addition, we are currently 
developing metabolic models to guide strain construction and characterization, and to optimize 
fatty acid synthesis in yeast. 
 
Modeling: 
Fatty acid biosynthesis, along with relevant metabolic pathways, is being modeled using 
kMech (kinetic Mechanisms), an enzyme mechanism language for the mathematical modeling of 
metabolic pathways, developed in the Hatfield Lab at UCI for amino acid biosynthetic pathways 
in E. coli and subsequently extended to pentose metabolism in S. cerevisiae. kMech is a non-
linear, dynamic, enzyme-centric mathematical modeling system that is focused on enzyme 
mechanisms rather than metabolic fluxes and serves as an extension to Cellerator, a 
MathematicaTM package designed to facilitate biological modeling via automated equation 
generation. kMech is built in a modular manner such that: (1) complex enzyme mechanisms can 
be modified or extended from simpler ones; (2) these enzyme models can be assembled into 
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pathways, and (3) these pathways can be integrated into larger biological networks.  kMech 
models are fully dynamic and do not require steady-state.  This approach is sufficiently versatile 
to accommodate complexities such as single and multiple substrate (e.g., Ping Pong and BiBi) 
enzyme kinetic reactions, feedback inhibition (e.g. allosteric, competitive, and non-competitive) 
and multienzyme complexes. Model predictions are queried and adjusted by comparison to in 
vivo pathway metabolite levels measured experimentally and tested with known results of 
metabolic perturbations. 
To optimize the fatty acid production, modeling will guide the quantitative adjustments to in 
vivo enzyme levels in the engineered yeast. Potential targets for modeling include the effect of 
overexpressing genes involved in the biosynthesis of acetyl-CoA, such as acetaldehyde 
dehydrogenase and acetyl-CoA synthetase, and of malonyl-CoA, via acetyl-CoA carboxylase 
(ACC1 gene) involved in the initial steps of fatty acid biosynthesis. Furthermore, NADPH levels 
required to maintain fatty acid biosynthesis is another potential target for modeling. Modeling 
the expression of enzymes, such as glucose-6-phosphate dehydrogenase (Zwf1), aldehyde 
dehydrogenase (Ald6) and NADP+-specific isocitrate dehydrogenase (Idp2), which are 
considered major sources of NADPH in yeast, will help guide the fine-tuning of expression of 
these genes for NADPH levels that support a maximal efficiency of fatty acid biosynthesis. 
 
Other Relevant Work Within and Outside the Center 
Similar experimental work is being conducted within CBiRC using E. coli as the model 
microbial system. In combination, the research will evaluate two promising microbial systems 
for the synthesis of the precursor compounds required for the Center’s goals. Other 
methodologies utilized within CBiRC (e.g., DNA microoarrays, proteomics, and flux analysis) 
will also provide key information to guide future strain development and characterization. 
 
Plans for Coming Year 
Our efforts will focus on characterization of the fatty acid production strains. Objectives will 
be to develop/evaluate culture and fatty acid monitoring protocols, measure the fatty acid 
production level, evaluate gene stability, examine culture/environmental effects, and evaluate the 
effect of the host genetic backgrounds developed in the Strain Construction & Optimization 
project. kMech modeling will continue to be developed to guide the experimental investigations. 
 
Expected Milestones and Deliverables 
The deliverables will be engineered S. cerevisiae strains that can produce medium-chain fatty 
acids. 
 
Member Company Benefits 
The benefits are the development of strains for the synthesis of precursors for the synthesis of 
α-olefins and dienes. 
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Strain Construction and Optimization 
 
Strain Construction and Optimization Part A:  E. coli 
 
ERC Team Members 
Project Leader:  Ka-Yiu San, W. M. Rice University 
Other Faculty:  Ramon Gonzalez, W. M. Rice University 
Graduate Students:  John Park, W. M. Rice University 
Postdocs:  Mai Li and Xiujun Zhang, W. M. Rice University 
 
Statement of Project Goals 
The goal of the project is to develop metabolic engineering tools to design and construct 
efficient Escherichia coli strains for high level production of fatty acid-like molecules from 
glucose. 
 
Project’s Role in Support of the Center’s Strategic Plan 
The project plays a central role in bridging the other two research thrusts.  Specifically, the 
project focuses on constructing efficient microbial systems to produce fatty acid-like molecules, 
which will be used in Thrust 3, using knowledge and materials from Thrust 1. 
 
Fundamental Research Barriers and Methodologies Used to Address Them 
Successful development of efficient strains for high level production of fatty acid-like 
molecules from glucose requires several issues to be addressed. The first challenge is to 
introduce new functional pathways into E. coli to produce the targeted product. Since most of the 
genes involved in these pathways are from plants, the expression of biologically active enzymes 
in E. coli may require additional efforts. In addition, the production strain must be designed to be 
able to channel most of the available cellular resources for the production of the desired product. 
In this project, molecular biology and metabolic engineering techniques will be developed and 
used to overcome these challenges. 
 
Accomplishments in the Past Year 
We have cloned the methylketone synthase gene, SIMKS2, into two higher copy number 
plasmids under the control of an inducible promoter system. We have also constructed several 
mutant E. coli strains aiming to channel more carbon fluxes to the desired product. 
 
Plasmid construction: 
Three methylketone synthase genes were obtained from Dr. Eran Pichersky’s group of 
Thrust 1. One of the methyl ketone synthase genes, SIMKS2, has been cloned into two higher 
copy number plasmids (one under the control of a lac promoter system and other under a trp 
promoter system). Together with the inducer IPTG, these two vectors will allow us to cover a 
larger range of expression levels and study their effect on methylketone productivity. Both 
constructs have been sequence confirmed and are ready for further characterization study using 
the various mutant host strains described below. Work is in progress to clone the other two 
methylketone synthase genes into the same cloning vectors. 
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Host strain construction: 
Several mutant strains were designed and constructed aiming to improve the productivity of 
the desired product (see list below). Two wild-type strains, MG1655 and GJT001, will be used in 
this project to study the effect of genetic background on strain performance. We initially focus 
on four genes (fadD, poxB, ack-pta). The rationale for inactivating fadD, which encodes an acyl-
CoA synthetase, is to block fatty acid degradation, and hence, may increase product yield. In 
addition, wild-type E. coli strain produces acetate as the major byproduct, and past studies in our 
groups have shown that inactivation of the major acetate formation pathways (PoxB and Ack-Pta 
pathways) often resulted in enhanced product formation. We have therefore constructed a double 
mutant strain (fadD poxB), a triple mutant strain (fadD ack-pta) and a quadruple mutant strain 
(fadD poxB ack-pta). Several other mutant strains that will be useful in this project, such as 
MG1655(poxB-) and GJT001(ack-pta-), are available in our lab.  
 
Name Genotype 
MG1655 F- lambda- ilvG- rfb-50 rph-1 
ML103 MG1655 fadD 
ML112 MG1655 fadD ack-pta cmR 
ML105 MG1655 fadD poxB 
MLC115 MG1655 fadDpoxB ack-pta cmR 
  
GJT001 F- araD139 Δ(argF-lac)U169* rspL150 relA1 flbB5301 fruA25‡ 
deoC1 ptsF25 e14- 
ML107 GJT001 fadD 
ML113 GJT001 poxB 
 
Other Relevant Work Within and Outside the Center 
Relevant similar work is also being conducted within CBiRC using S. cerevisiae as the 
model microbial system.  
 
Plans for the Next Year 
In the coming year, we will continue our effort in the following areas: 
1) Continue to construct and characterize plasmids expressing the methylketone synthase genes 
and medium chain thioesterase genes. Appropriate genes will be synthesized using optimized 
codon usage, when necessary. 
2) Complete the construction of the GJT001 based mutant strains. In addition, based on the 
omics and characterization studies, improved production strains will be constructed through 
further genetic manipulations. 
3) Incorporate co-factor engineering to increase NADPH and CoA availability. 
 
Expected Milestones and Deliverables 
The deliverables will be strains and vectors for the expression of biologically active enzymes 
for medium chain fatty acid and methylketones biosynthesis. 
 
Member Company Benefits 
The benefits are the development of strains for the synthesis of precursors for the synthesis of 
α-olefins and dienes.  
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Strain Construction and Optimization Part B:  S. cerevisiae 
 
ERC Team Members 
Project Leader:  Nancy Da Silva, University of California - Irvine 
Other Faculty:  Suzanne Sandmeyer, University of California – Irvine 
Graduate Students:  Christopher Leber, University of California – Irvine 
Postdocs:  Fang Fang, University of California - Irvine 
 
Statement of Project Goals 
The goal of the work is to develop the required integrated techniques and tools, and to design 
and construct efficient Saccharomyces cerevisiae strains for high level production of fatty acid-
like molecules from glucose. 
 
Project’s Role in Support of the Center’s Strategic Plan 
The goal is to construct microbial strains to produce two test bed chemicals, fatty acids and 
methylketones. These two test beds will provide opportunities to ultimately integrate all three 
research thrusts. Genes and pathways discovered/developed in Thrust 1, the Pathway Discovery 
group, for fatty acid and methylketone synthesis, will be integrated into the production strains in 
Thrust 2. Similarly, the products from Thrust 2, fatty acid and methylketones, will serve as 
precursors for the synthesis of α-olefins and dienes by Thrust 3, the Chemical Catalysis group. 
 
Fundamental Research Barriers and Methodologies Used to Address Them 
The research requires the ability to efficiently construct and modify strains by introducing 
multiple regulated genes, and a balance in the synthesis of required fatty acids for cell viability 
and desired short-chain product formation. To address the strain construction, we are developing 
a robust set of expression vectors for metabolic pathway engineering in S. cerevisiae (see below). 
We are also introducing methylketone synthases (from Thrust 1) into our yeast host. To control 
synthesis, we are investigating use of the native yeast FAS pathway, introduction of the E. coli 
fatty acid pathway, and transfer of genes/pathways from oleaginous yeasts. 
 
Accomplishments in the Past Year 
In the first year, we focused on the development of (1) a S. cerevisiae toolkit for strain 
construction, (2) the introduction of methylketone synthase genes into S. cerevisiae, and (3) 
initial steps for the manipulation of fatty acid synthesis in yeast. 
 
(1) Vector Toolkit: 
This gene expression strategy was initially developed (in the Sandmeyer and Da Silva labs) 
as part of a project to express heterologous genes related to pentose metabolism in S. cerevisiae, 
but will be completed and adapted for the expression of genes involved in the biosynthesis of 
fatty acid-like compounds. This collection of plasmids constitutes a system that can be used to 
express multiple metabolic genes simultaneously at different levels, as well as a method for 
relatively seamless introduction of cloned genes into the genome, coupled with the ability to 
recycle markers for additional manipulations. The plasmid series allows expression of genes 
cloned downstream of the strong promoter pTEF1, pPGK1 or pHXT7 and upstream of the tCYC1 
terminator. The series has five different marker genes that are commonly used in S. cerevisiae 
and that complement genetic deficiencies in the most common strains: HIS3, URA3, LEU2, 
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TRP1 and MET15.  These markers are flanked by direct repeats of the loxP sites.  Each marker is 
available on a high (2 micron)- or low (CEN/ARS)-copy plasmid.  Cloned sequences can be 
readily transferred from plasmid vectors into the genome of S. cerevisiae.  Genes to be integrated 
are amplified in PCR reactions together with the neighboring marker gene using primers with 
outside ends that have complementarities to the target genomic region.  The PCR product is 
transformed into cells and the outside ends direct homologous recombination into genomic 
DNA. Recombination between the loxP sites (catalyzed by the CreA recombinase) results in the 
subsequent deletion and recycle of the marker(s), This novel system combines plasmid-based 
testing with subsequent insertion of multiple genes for long-term stability. We have analyzed the 
vector system using the GAG protein and the firefly luciferase/renilla luciferase system. This has 
allowed comparison of levels of expression from the different promoters, from the high and low 
copy plasmids, and at different integration sites.  For example, the CEN plasmids carrying 
Renilla under the HXT7 promoter and LEU2, HIS3, MET15, or TRP1 markers show comparable 
levels of expression. 
 
(2) Construction of Strains Expressing Methylketone Synthases: 
As the first step in producing fatty acid-like compounds of shorter C-chain length, we have 
cloned two versions of a methylketone synthase gene (ShMKS2 and SiMKS2) into high copy 
expression plasmids. These methylketone synthases were extracted from the tomato species 
Lycopersicon hirsutum and have been shown to selectively create C13 length methylketones 
under native conditions. The initial yeast expression plasmids used were derived from the toolkit 
mentioned above and vary in replication origin (CEN/ARS and 2μ) and utilize the pPGK1 
promoter (Figure 1). For comparison, we have also cloned the MKS genes under the control of 
the regulatable pGAL1 promoter type for the future analysis of gene expression under varying 
conditions. The expression plasmids were created using polymerase chain reaction (PCR), 
enzymatic digestion, and enzymatic ligation techniques. The gene insert sequences have all been 
verified by DNA sequencing. After the plasmids were constructed and checked they were 
transformed into two different strains of S. cerevisiae, InvSc1 and BY4741. InvSc1 is a widely 
used, rapidly-growing strain from Invitrogen. Strain BY4741 is a healthy S. cerevisiae strain for 
which we have the complete gene knockout library; this enables characterization of the effect of 
specific single gene deletions on fatty acid synthesis. The transformed strains will be used in our 
initial strain characterization experiments (Project 2). 
 
(3) Development of Strategies for Fatty Acid Manipulation: 
In addition to the introduction of MKS genes, we have developed a list of strategies for the 
regulation of fatty acid synthesis in yeast. These range from the manipulation of native gene 
processes to the introduction of heterologous pathways. For native cell processes, we have 
initiated a study of the structure of the α66 FAS complex to determine (1) the structural effects 
of replacing the MPT domain with a heterologous thioesterase domain, and (2) access of 
independent thioesterase or methyl ketone synthase enzymes. This work is in collaboration with 
a colleague in the Institute for Genomics and Bioinformatics at UCI. 
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Other Relevant Work Within and Outside the Center 
Relevant similar work is also being conducted within CBiRC using E. coli as the model 
microbial system. In combination, the research will evaluate two promising microbial systems 
for the synthesis of the precursor compounds required for the Center’s goals. To our knowledge, 
similar work (using the outlined strategies to manipulate the synthesis of fatty-acid like 
compounds in yeast) is not taking place outside of the Center. 
 
Plans for the Next Year 
Our efforts will focus on constructing S. cerevisiae strains for high-level fatty acid synthesis. 
We will continue exploring three different routes: (1) insertion/deletion of native S. cerevisiae 
pathway genes, (2) transfer of genes/pathway from oleaginous yeasts, (3) introduction of the E. 
coli fatty acid pathway. As a first step, the key native genes fatty acid synthase (FAS1 and 
FAS2), acetyl -CoA carboxylase (ACC1), positive regulators of fatty acid synthesis (INO2 and 
INO4) will be amplified by PCR from genomic DNA and cloned into expression vectors. In 
addition, the E. coli pathway genes will be introduced, as well as pathway genes for upregulation 
of acetyl-CoA and other potentially limiting compounds. Genes will be epitope-tagged so that 
protein expression and localization can be monitored. 
 
Expected Milestones and Deliverables 
The deliverables will be strains and vectors for the expression of biologically active enzymes 
for medium chain fatty acid biosynthesis. 
 
Member Company Benefits 
The benefits are the development of strains for the synthesis of precursors for the synthesis of 
α-olefins and dienes. 
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Figure 1.  Vectors for expression of MKS genes under the control of the PGK promoter. 
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Thrust 3 – Chemical Catalyst Design 
 
Conjugation of Polyenes 
 
ERC Team Members 
Project Leader:  Richard C. Larock, Iowa State University 
Other Faculty:  Robert Davis, University of Virginia 
Graduate Students:  Rafael Quirino and Marlen Valverde, Iowa State University 
 
Statement of Project Goals 
The goal of this project is to develop an efficient, practical catalyst for the isomerization of 
non-conjugated dienes and polyenes, particularly unsaturated triglycerides, into conjugated 
polyenes. 
 
Project’s Role in Support of the Center's Strategic Plan 
Finding a practical, water-soluble, reusable catalyst for the isomerization of non-conjugated 
dienes and polyenes, like vegetable oils, to conjugated polyenes represents a key step towards the 
development of greener technologies for preparing conjugated dienes of all types. Success will 
make possible the synthesis of diverse new polyenes for polymer synthesis, including biobased 
plastics, composites and coatings for use in the automobile and construction industries. 
Furthermore, conjugated linoleic acid (CLA), a nutritional supplement with anti-atherosclerosis 
effects, might also be obtained using such catalysts. A biphasic reaction involving an aqueous 
catalyst solution would avoid the use of organic solvents, and the catalyst solution could be 
easily recovered using simple liquid/liquid separation techniques. If successful, this technology 
will turn expensive conjugation processes that require rare metal catalysts, such as rhodium, into 
economically viable “green” processes. 
 
Fundamental Research Barriers and Methodologies Used to Address Them 
In 2001, the Larock group at Iowa State University reported a very efficient homogeneous 
conjugation system that used a rhodium-based pre-catalyst [RhCl(C8H14)2]2.1 The pre-catalyst 
undergoes in situ ligand exchange to form the active species RhH(TTP)3 (TTP = tri-p-
tolylphosphine). The conjugation of vegetable oils, linoleic acid and ethyl linoleate in the 
presence of this catalyst system was carried out under mild conditions (60oC under argon) for 
24 h and yielded >95% of the conjugated products. Furthermore, no hydrogenation was observed 
during the process. 
Although very efficient, this procedure makes use of an expensive metal that is completely 
discarded after conjugation. As a homogeneous process, filtration of the resulting oil to recover 
the metal catalyst for reuse is impractical, despite its elevated price. Because of the high yields, 
the mild reaction conditions, and the absence of hydrogenated products, RhH(TTP)3 is believed 
to be a very promising catalyst for the preparation of conjugated polyenes, drying oils, CLA, and 
natural oil-based monomers.  It is hoped that biphasic reaction conditions might provide a 
practical process. To obtain an aqueous soluble catalyst, a water-soluble ligand 
(triphenylphosphine-3,3',3''-trisulfonic acid trisodium salt - TPPTS) will be introduced into the 
reaction system. The pre-catalyst is expected to undergo the aforementioned ligand exchange to 
yield the desired catalytic species. Alternatively, this step might be carried out at reflux in an 
ethanol solution of the pre-catalyst [RhCl(C8H14)2]2 and SnCl2.2H2O, using an excess of TPPTS. 
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The major problems in aqueous/organic biphasic catalysis are mainly related to solubility 
issues. This is especially true for reactions involving higher olefins or non-polar molecules 
having 12 or more carbon atoms, for which the greater immiscibility of the catalyst solution 
yields very low reaction rates. Indeed, a high surface tension exists between the two phases, 
limiting contact between the catalyst and substrate. To solve this issue, surfactants are normally 
added to lower the surface tension and increase the contact between the phases. However, the use 
of surfactants makes the loss of metals more likely, which may account for a decrease in the 
activity of the catalyst solution during reuse. To solve this problem, an excess of the water-
soluble ligand (TPPTS) is usually necessary to prevent metal leach and improve the recyclability 
of the catalyst. ICP-AES analysis of the products after each run will give information about the 
presence of rhodium in the conjugated products. 
Optimization of the reaction conditions will be necessary. Factors, such as the amount of 
water, catalyst concentration, time, the surfactant, different ligands, and surfactant/ligand ratios 
will be varied in order to determine the optimum conditions for conjugation. The 
monosulfonated triphenylphosphine TPPMS and 4-(diphenylphosphino)benzoic acid are also 
commercially available and will be tested as ligands. A kinetic study of the reaction will be 
carried out to show conversion vs time. 
Several Rh biphasic catalysts are known. Those systems have been successfully developed 
for the hydrogenation of alkenes, but not conjugation of polyenes. Thus, the approach proposed 
here should significantly expand the field of heterogeneous catalysis for conjugation. 
 
Accomplishments in the Past Year 
The following Table summarizes the work carried out so far in the Larock group with respect 
to the conjugation of polyenes, using soybean oil as a model system under heterogeneous 
catalysis. 
 
 
Table 1.  Reaction conditions: soybean oil (4.4 g), pre-catalyst (0.1 mol %), ligand (0.4 mol % 
each), Lewis acid (0.8 mol %). 
Entry Ligand Solvent (2 mL) Temperature (oC) Yield (%) 
1a (p-FC6H4)3P EtOH 60 85 
2b Dppe EtOH 60 0 
3 TTP
c + 
[Ph3PC2H5]Br 
No solvent 80 0 
4 TTP + TPPTSd H2O 80 21-25 
5 TPPTS H2O 60 0 
6e TPPTS H2O 80 0 
7 TPP + NaO3S(CH2)11CH3 
H2O 80 0 
8b TPPS + TBACf H2O 60 0 
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9 
 
EtOH 80 0 
10g ----- No solvent 80 0 
11 
 
EtOHh 80 20 
12 
 
EtOH 80 0 
13 TPPTS DMF + H2O 60 0 
14 
 
EtOH + H2O + 
heptane 60 0 
15 TPPTS EtOH + H2O + heptane 60 0 
16 
 
EtOH + toluene 80 0 
17i TPPTS EtOH + H2O + toluene 60 0 
18 
 
EtOH + H2O 60 0 
19 
 
EtOHh + heptaneh 60 95 
a Ethyl linoleate was used, instead of soybean oil, as the substrate and conjugated ethyl linoleate was 
obtained as the product. b RhCl(PPh3)3 was used as the pre-catalyst. c TTP = tri(p-tolyl)phosphine. d 
TPPTS = triphenylphosphine-3,3',3”-trisulfonic acid trisodium salt. e AgNO3 was used as the Lewis acid 
instead of SnCl2•H2O. f TBAC = tetra-n-butylammonium chloride. g RhCl(TPPTS)3 was used as the pre-
catalyst. h 5 ML of solvent was used. i RhCl3 was used as the pre-catalyst. 
 
From the results, it appears that the presence of ethanol is crucial for the reaction to take 
place in a reasonable time (24 h) (entries 1, 11, and 19). Also, bidentate ligands seem to hinder 
conjugation (entries 2, 9, and 14). No conjugation was observed when the pre-catalyst 
[RhCl(C8H14)2]2 was absent, confirming the catalytic activity of this metal complex (entries 2, 8, 
and 17). Entry 6 indicates that AgNO3 doesn't work as well as SnCl2•H2O as the added Lewis 
acid. As expected, the use of a surfactant in the absence of a water-soluble ligand is ineffective 
for conjugation (entry 7). When two different ligands were employed, low yields were obtained 
(entry 4). Here the reaction may occur solely in the oil phase. 
 
Other Relevant Work Within and Outside the Center 
Biphasic cross-coupling reactions using water at room temperature and surfactants have been 
reported by Lipshutz and co-workers.2 Also, fluorous-soluble catalysts for hydroformylation 
reactions have been studied by I. T. Horvath3 and polymer-bound systems for several different 
reactions have been extensively studied by D. E. Bergbreiter.4 F. Joo studied the aqueous 
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biphasic hydrogenation reactions5 and Li and co-workers demonstrated the importance of 
surfactants in biphasic reactions.6 Some of these approaches to heterogeneous catalysis may be 
examined later on. 
 
Plans for the Next Year 
In the year ahead, the following conditions will be tested in the search for a new water-
soluble catalyst system for the efficient biphasic isomerization of soybean oil: 
 The ligands 4-(diphenylphosphino)benzoic acid and TPPMS will be tested, since they are 
less hydrophilic than TPPTS and should have greater miscibility with the oil phase and afford 
higher yields. 
 Various ratios of water and ethanol will be tried. Ethanol is believed to be essential for 
formation of the metal hydride catalyst and therefore for conjugation to take place.  
 The surfactants cetyltrimethylammonium bromide, dodecyltrimethylammonium bromide, 
and sodium dodecyl sulfate, among others, which should decrease the surface tension 
between the phases, allow better mixing and improve reactivity, will be screened to improve 
the yields.  
 
Expected Milestones and Deliverables 
We intend to develop a highly active catalyst system for the conjugation of polyenes and 
triglycerides, which will be water-soluble, facilitating its reuse under water/oil biphasic 
conditions. 
 
Member Company Benefits 
The project should afford an economical process to convert non-conjugated polyenes and 
natural oils into conjugated monomers useful for the production of petroleum- and bio-based 
polymers with total recovery of the catalyst. Major petrochemical companies and oilseed 
producers should be able to employ this technology to produce conjugated dienes and polyenes, 
as well as better drying conjugated vegetable oils for use in paints and inks.  
 
References 
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5. Joo, F. “Aqueous Biphasic Hydrogenations,” Acc. Chem. Res. 2002, 35, 738. 
6. Li, M.; Fu, H.; Yang, M.; Zheng, H.; He, Y.; Chen, H.; Li, X. “Micellar Effect of Cationic 
Gemini Surfactants on Organic/aqueous Biphasic Catalytic Hydroformylation of 1-
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Coupled Acid/Base Catalysis 
 
ERC Team Members 
Project Leaders:  Brent Shanks, Iowa State University; James Dumesic, University of Wisconsin 
- Madison 
Graduate Students:  Basak Cinlar and Canan Marti (Middle East Technical Univ.), Iowa State 
University; Yomaira Pagan-Torres, University of Wisconsin - Madison 
 
Statement of Project Goals 
Acid and base catalysis will both be important for the conversion of biorenewable feedstocks, 
and it is quite common in enzymes that the active site will have an acid and base working in 
cooperation.  Therefore, part of developing a catalytic tool chest for biorenewables will involve 
examining the synthesis of catalytic materials that have coupled acid/base capabilities. 
 
Project’s Role in Support of the Center’s Strategic Plan 
New classes of catalytic materials will need to be developed for selectively converting 
biorenewable feedstocks due to their unique functionality.  Developing the synthesis strategies 
and compositions that allow for creating chemical catalysts with dual acid/base functional groups 
is important as this dual functionality is commonly employed by active sites in enzymes. 
 
Fundamental Research Barriers and Methodologies Used to Address Them 
Strategies for synthesizing chemical catalysts with metal and/or acid functionality have been 
well developed due to their extensive application in the petrochemical conversions.  However, 
solid base catalysis and in particular situations in which coupled acid/base catalysis are utilized 
are less well developed.  The Shanks group, as well as other groups, has demonstrated the 
application of coupled acid/base catalysts for improved activity in condensation reactions.  We 
are examining whether this work can be extended to synthesize catalytic materials with both acid 
and base functionality for use in the isomerization and dehydration of glucose to 
hydroxymethylfurfural (HMF).  In addition to being a potentially important reaction for 
producing biorenewable chemicals, this reaction was chosen as the probe reaction, since the 
Dumesic group has previously demonstrated improved HMF yields when a homogeneous acid 
was used in conjunction with alumina, which served as a weak base.  In the proposed work, we 
will synthesize catalytic materials having both strong acid groups and base sites (either alumina 
or tethered organic bases).  These catalysts will be tested in a biphasic reaction system for their 
efficacy in the conversion glucose to HMF. 
The isomerization of glucose to fructose is thought to proceed through glucose in its acyclic 
structures, which is in equilibrium with the favored pyranose structure.  The acyclic glucose is 
thought to isomerize to acyclic fructose with base catalysts increasing the reaction rate.  Fructose 
dehydrates to HMF much more rapidly than glucose.  The mechanism is thought to involve 
conversion of the acyclic fructose structure to 1,2 enediol species that is readily dehydrated to 
HMF.  This reaction is acid catalyzed.  Interestingly, the acyclic glucose could in principle also 
be converted to the 1,2 enediol species.  The approach in this study will be to determine if by 
coupling an acid and base catalystic moiety using a solid support, so the catalytic moieties do not 
directly interact with each other, the reaction of glucose to HMF can be enhanced. 
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Accomplishments in the Past Year 
Work in the Dumesic group has shown that improved selectivity of glucose conversion to 
HMF was achieved when alumina and HCl were used together.  It is thought that the alumina is 
complexing with glucose to aid in stabilizing the acyclic intermediate.  While this lead is 
promising the yields to HMF were still too low.  Additionally, it would be desirable to move to a 
solid acid catalyst rather than HCl.  The need for a solid acid catalyst is also apparent in that a 
homogeneous catalyst would generally neutralize a base catalyst. 
Catalysts with propyl sulfonic acid or arene sulfonic acid groups tethered to mesoporous 
silica were synthesized by the Shanks group and tested for fructose dehydration by the Dumesic 
group.  While silica would ultimately not be the desired support due to its poor hydrothermal 
stability, the goal was to determine whether these organosulfonic acid groups were sufficiently 
acidic to catalyze the dehydration reaction.  The initial results were not promising, so alternative 
solid acid catalysts will be explored. 
 
Plans and Milestones for Next Year 
In particular, the Shanks group is synthesizing sulfated zirconia-doped silica to determine 
whether a stronger acid material will have improved dehydration activity.  Once a sufficiently 
active solid acid material is identified, we will look at synthesizing a material with alumina or 
other basic moieties, so that the glucose to HMF reaction can be probed.  A key milestone that 
needs to be met in the upcoming year is validation that a solid acid catalyst can be developed that 
has high activity for the dehydration reaction. 
 
Member Company Benefits 
Members will have access to the catalyst development and reaction study results prior to 
publication. 
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Decarboxylation of Fatty Acids 
 
ERC Team Members 
Project Leader:  George Kraus, Chemistry, Iowa State University 
Other Faculty:  Matthew Neurock and Robert Davis, University of Virginia; Richard Larock and 
Keith Woo, Iowa State University 
Graduate Students:  Sean Riley, Iowa State University; Nishant Sinha and David Hibbitts, 
University of Virginia 
 
Statement of Project Goals 
Develop an efficient and scalable preparation of alpha-olefins from fatty acids using 
heterogeneous catalysis. 
 
Project’s Role in Support of the Center’s Strategic Plan 
One of the integrative test beds in this Center involves the production of alkenes.  Since fatty 
acids are readily generated, a catalyst that converts fatty acids into an alpha-olefin plus CO and 
water will be valuable. 
 
Fundamental Research Barriers and Methodologies Used to Address Them 
The transformation of fatty acids into alpha-olefins has been little studied.  The few reports 
of this conversion utilize homogeneous catalysts and have been conducted on research scales.  
Although the replacement of a homogeneous catalyst with a heterogeneous catalyst has ample 
precedent, this represents a major barrier to making this reaction industrially useful.   
 
Accomplishments in the Past Year 
The homogeneous reaction was examined in year 1.  The principal focus has been to define 
key reaction parameters including temperature, solvent and additives.  Lauric acid, a twelve-
carbon acid, was converted into 1-undecene.   
 
 
 
Analysis of the reaction products by LC-MS indicated that 1-undecene was the only alkene 
produced.  There trace quantities of undecane.  The reaction was conducted at 250 °C on a ten 
gram scale.  The literature report that acetic anhydride enhanced the reaction was studied and 
found to be valid.  We found that pivalic anhydride was even more effective, presumably 
because it directed the palladium insertion. 
The conversion of fatty acids to different chemical intermediates including dienes, olefins 
and alcohols involves the decarboxylation of the acid groups.   We have used ab initio density 
functional theoretical calculations here to analyze the catalytic conversion of small model 
organic acids such as acetic and propionic acid to alcohols over different metals in the vapor 
phase and in the presence of an aqueous media.  More specifically we have studied the 
CO2H
palladium or rhodium catalysts
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hydrogenolysis (C-O cleavage) reaction of propionic acid over Ru(0001) in presence and 
absence of  water.  The overall catalytic cycle for this reaction is shown in Figure 1.  Propionic 
acid binds to Ru and readily dissociates to form the propionate intermediate.  One of the C-O 
bonds of the proprionate intermediate is subsequently activated in what appears the potential 
rate-controlling step to form the acetyl bound intermediate. The barrier for this step was found to 
be the highest (1.23 eV) of all of the steps considered over Ru(0001). In presence of water, the 
barrier for this step was reduced to 1.10 eV due to stabilization of the transition state complex by 
water molecules.  The barriers for the subsequent hydrogen addition steps to form 
propanaldehyde, propoxy and propanol intermediates were calculated to be significantly lower (< 
70 kJ/mol).  The same reaction was studied on a RuML/Re(0001) catalyst. The bimetallic Ru/Re 
alloys were found to be less effective than the monometallic (Ru or Re) catalysts for carrying out 
C-O cleavage. However, it was more effective in carrying out hydrogenation steps in vapor 
phase. The DFT-calculated potential energy surfaces for the decarboxylation of propionic acid 
over Ru, Re and RuRe alloys are shown in Figure 2. 
 
 
 
 
Fig. 1.  Preferred pathway for propionic acid hydrogenolysis on Ru(0001). 
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Fig. 2.  Reaction energetics on Ru, Re and RuML/Re(0001) catalysts. 
 
Plans and Milestones for Next Year: 
The experimental studies will focus on scale-up and the substitution of homogeneous 
palladium catalysts with heterogeneous catalysts. 
The computational studies will begin to focus on the reactivity of Au surfaces, and the 
experimental studies will begin to evaluate the activity and selectivity of supported Au 
nanoparticles for the target reaction. 
 
Member Company Benefits: 
Members will have access to unpublished results from experimental and computational 
studies. 
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Furan/Pyran Ring Opening 
 
ERC Team Members 
Project Leader:  James Dumesic, University of Wisconsin - Madison 
Graduate Students:  Mark Tucker and Mei Chia, University of Wisconsin - Madison 
 
Statement of Project Goals 
The overall goal of this work is to develop catalysts for the selective hydrogenolysis of 
heterocyclic compounds derived from biomass and to understand what controls the selectivity in 
these reactions. 
 
Project’s Role in Support of the Center’s Strategic Plan 
1,6-Hexanediol is a valuable intermediate chemical used for the production of polyurethane 
elastomers, coatings, adhesives and polymeric plasticizers [1].  Conversion of the terminal 
alcohol groups to carboxylic acids or amines would provide monomers in the production of 
nylon 6,6.  The production of 1,6-hexanediol from biomass would therefore provide a renewable 
chemical that would be used by existing technologies. 
A plan for the selective production of 1,6-hexanediol from 5-(hydroxymethyl)furfural 
(HMF), a platform chemical made from biomass-derived sugars, is shown in Figure 1.  In 
previous work, we have shown that HMF can be hydrogenated at temperatures near 400 K to 
dihydroxymethyltetrahydrofuran (DHMTHF) over a Ru/C catalyst.  The present work focuses on 
the ring-opening of DHMTHF to 1,2,6-hexanetriol, the dehydration of 1,2,6-hexanetriol to 
2-(hydroxymethyl)tetrahydropyran (HMTHP), and the ring-opening of HMTHP to 
1,6-hexanediol.  One of the focuses of this Center involves selective dehydration.  By combining 
selective dehydration of 1,2,6-hexanetriol (either directly to 1,2-hexanediol or to HMTHP) with 
the selective ring-opening steps would efficiently lead to an important biorenewable chemical. 
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Fig. 1.  Selective transformations from HMF to 1,6-Hexanediol. 
 
 
Fundamental Research Barriers and Methodologies Used to Address Them 
We have identified that a challenge for achieving selective ring-opening reactions of 
DHMTHF and HMTHP is the continued hydrogenolysis of the products to lower molecular 
weight compounds, which decreases the selectivity (as will be seen in the achievements from the 
previous year).  The first step in approaching this problem will be to determine the activation 
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energy of hydrogenolysis of the ether linkage versus that of the alcohol linkages to identify 
suitable reaction temperatures.  Another important step will be to study other catalyst 
compositions, involving bimetallic catalyst systems.  In addition to maintaining a high selectivity 
in the ring-opening of HMTHP to form 1,6-hexanediol instead of 1,2-hexanediol, a good catalyst 
must have a high rate of ring-opening relative to the rate of hydrogenolysis of the alcohol groups. 
 
Accomplishments in the Past Year 
The ring opening of DHMTHF to 1,2,6-hexanetriol was carried out in a batch reactor with 
8 MPa H2 and Rh-ReOx/SiO2 as a catalyst.  Results for reactions at 393 and 423 K are shown in 
Table 1.  At 393 K and a reaction time of 9 hours, the selectivity for the formation of the desired 
1,2,6-hexanetriol product was 81%.  The presence of diols was also observed (1,5-hexanediol 
was observed to a lessor extent), formed by the hydrogenolysis of 1,2,6-hexanetriol.  At 423 K 
and a reaction time of 6 hours, the conversion of DHMTHF was higher and the selectivity for 
production of the desired product decreased to 49%.  In addition to the diols, alkanes were also 
observed.  At both temperatures, the hydrogenolysis of 1,2,6-hexanetriol gave 1,2 and 1,6-
hexanediol in similar quantities. 
 
Table 1.  Ring opening of DHMTHF. 
Temperature Reaction Time Conversion Selectivity 
K Hr  1,2,6-Hexanetriol 1,2-Hexanediol 1,6-Hexanediol 
393 9 59% 81% 7% 9% 
423 6 82% 49% 16% 11% 
 
The 1,2,6-hexanetriol product was dehydrated to HMTHP over Amberlyst 70, a high 
temperature ion-exchange resin in the acidic form.  The reaction was run in batch mode under 8 
MPa H2 pressure.  At 423 K and a reaction time of 20 h, the conversion of 1,2,6-hexanetriol was 
67%, and the selectivity to the desired HMTHP product was 65%. 
The selective ring opening of HMTHP to 1,6-hexanediol was explored using the Rh-
ReOx/SiO2 catalyst in a batch reactor with 8 MPa H2 pressure.  The results are shown in Table 2.  
The catalyst opens the ring to form the 1,6-hexanediol with a selectivity of 76%, which can be 
accomplished by breaking the bond between the tertiary carbon and the oxygen.  Smaller 
amounts of 1,2-hexanediol are also formed by breaking the bond between the secondary carbon 
and the oxygen in the ring.  When the reaction is run at higher conversions, either by longer 
reaction time or by increasing the temperature, the appearance of 1-hexanol and alkanes are 
observed.  These products are likely formed in series through additional hydrogenolysis 
reactions. 
 
Table 2.  Ring-opening of HMTHP. 
Temperature Reaction Time Conversion Selectivity 
K Hr   1,6-Hexanediol 1,2-Hexanediol 1,5-Hexanediol 1-Hexanol 
393A 5 10% 76% 0% 6% 0% 
393B 30 43% 54% 4% 1% 22% 
423A 5 28% 46% 6% 1% 34% 
A  Catalyst/Reactant Mass Ratio = 0.17; BCatalyst/Reactant Mass Ratio = 0.26 
 
In an effort to combine the ring-opening and dehydration reactions into a single step, 
DHMTHF was reacted in the presence of both Rh-ReOx/SiO2 and Amberlyst 70 in a batch 
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reactor with 8 MPa H2 pressure at a temperature of 423 K.  The reaction was monitored with 
time, and the results are shown in Figure 2.  The conversion of DHMTHF at 16 and 21 h was 83 
and 90%, respectively, and the combined selectivity to 1,2,6-hexanetriol, HMTHP, and 1,6-
hexanediol was 89% at both time points. 
 
 
 
Fig. 2:  Combined ring-opening and dehydration of DHMTHF at 423 K. 
 
 
Plans and Milestones for the Next Year 
Suitable reaction conditions will be determined followed by studies of bimetallic catalysts in 
the ring opening of DHMTHF and HMTHP. 
The dehydration of 1,2,6-hexanetriol to HMTHP proceeds with only modest selectivity.  The 
selectivity may be hindered by degradation reactions of the product in the presence of the acid 
catalyst.  If this is true, there may be benefit in continuously extracting the product in an organic 
phase.  Therefore, a biphasic reaction system will be studied for this step. 
 
Member Company Benefits 
Members will have access to unpublished results from experimental of selective ring-opening 
reactions by supported metal catalysts. 
 
 
 
[1] BASF Company Website [http://www.basf.de/en/intermed/industries/pur/polyole/hdo.htm] 
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High-throughput Catalyst Evolution 
 
ERC Team Members 
Project Leader:  L. Keith Woo, Iowa State University 
Collaborators:  Thrust 1 
Postdocs:  To be named 
 
Statement of Project Goals 
The objective of this undertaking is to design artificial hydrocarbon chain extension 
processes that parallel the biocatalytic efforts of Thrust 1.  A key focus will be to develop 
systems that provide chemical insight for understanding catalyst activity and provide a molecular 
foundation for achieving chain length control in chemical catalysis. 
 
Project’s Role in Support of the Center’s Strategic Plan 
One of the integrative test beds in Thrust 1 involves the diversification of fatty acid synthesis.  
The test bed includes identifying and modifying enzymes for hydrocarbon production and 
understanding the features of enzyme active sites that are involved in hydrocarbon extension and 
chain length control.  A combinatorial strategy using SELEX to evolve DNA aptamers for C-C 
bond forming reactions will be used in a complementary approach to develop enzyme-like 
catalysts.  Findings in this work may facilitate the active site design needed in Thrust 1. 
 
Fundamental Research Barriers and Methodologies Used to Address Them 
Recently, advances in combinatorial approaches illustrate new potential for rapidly 
producing catalyst innovations that complement traditional experimentation.  High-throughput 
strategies based on evolutionary methods (SELEX) will be applied to catalytic steps related to 
fatty acid synthesis.  Recent work in the Woo group has demonstrated a 105-fold acceleration of 
a Pd/DNA-catalyzed coupling reaction.  Initial studies will involve the optimization of DNA-
transition metal catalysts for the Claisen reaction.  This reaction involves the coupling of two 
carbonyl compounds and can be viewed as an analog of the C-C bond-forming step in fatty acid 
synthesis.  Structural information from these DNA-based catalysts will aid in the design of 
robust chemical catalysts and facilitate the development of a versatile chemical catalyst toolbox. 
 
Accomplishments in the Past Year 
Catalytic DNA aptamers that mediate C-C bond forming between styrene and an attached 
iodobenzene were evolved from single-stranded DNA 40-mers, based on a self-tagging protocol 
for identifying and isolating the active species.  Fourteen unique sequences were produced that 
could catalyzed the coupling reaction in under five hours at 25oC.  Analysis of the primary 
structure revealed conserved regions and a sequence homology of 70% or greater.   
 
Plans and Milestones for the Next Year 
The SELEX process will be used in developing catalysts for the Claisen condensation.  This 
reaction mimics the chain elongation used in biological fatty acid synthesis.  This functional 
coupling will be a starting point for cross-fertilization with Thrust 1. 
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Member Company Benefits 
Members will have access to unpublished results from experimental studies of high-
throughput catalyst development. 
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Hydrothermally Stable Catalysts and Catalyst Supports 
 
ERC Team Members 
Project Leader: Abhaya Datye, University of New Mexico 
Other Faculty:  James Dumesic, University of Wisconsin – Madison; Brent Shanks, Iowa State 
University 
Undergraduate Students:  Cate Wisdom, University of New Mexico 
Graduate Students:  Maria Leyva, University of New Mexico; Yomaira Pagan-Torres, University 
of Wisconsin - Madison 
Postdocs:  Haiyang Zhu, Iowa State University; Hien Pham, University of New Mexico 
 
Fundamental Research Barriers and Methodologies Used to Address Them 
The common support materials used for chemical catalysts are alumina and silica, which 
work well in gas phase reaction systems.  However, biorenewable conversions will often need to 
be performed in the condensed phase with the condensed phase typical being aqueous.  
Therefore, a central challenge in synthesizing catalysts for biorenewable molecule conversions 
will be the creation of catalysts that are hydrothermally stable.  It is expected that some of the 
potential reactions of interest to CBiRC will require reaction temperatures of 150°C or less, such 
as condensation reactions, but others such as dehydration reactions may require even more 
demanding temperatures of >200°C.  The types of catalyst supports needed for these different 
temperature ranges could well be different.  There has been work in the literature and previous 
work in the Datye laboratory suggests that the hydrothermal stability of some metal oxides can 
be enhanced by incorporating a second species into the metal oxide support.  For example, 
improved stabilities have been observed when silica has been doped with zirconia and niobium 
oxide with silica. These approaches will be examined in more detail to develop catalysts with 
improved hydrothermal stabilities. 
 
Role of Zirconia in Stabilizing Silica 
 
For the lower temperature reaction regime of 150°C or less, the potential of doping silica 
with zirconia will be explored.  The Datye laboratory found enhanced hydrothermal stability 
when zirconia was doped into silicas made through an aerosol technique.  While these 
mesoporous materials are interesting, the pores in the resulting materials were primarily parallel 
to the particle surfaces.  The Shanks group is looking to extend this work by incorporating 
zirconia into SBA-15 type silicas that would be anticipated to have more favorable pore 
structure.  Dr. Haiyang Zhu, a postdoc with a chemistry background, will began working on this 
project in the Shanks group starting in March, 2009. 
 
Role of Silica in Stabilizing Niobia 
 
Mesoporous transition metal oxides such as niobium oxides are of importance for the 
transformation of biomass-derived reactants to commodity chemicals.  Tailoring the pore size of 
the metal oxide and geometry can enhance the selectivity and activity of the catalyst. 
Mesoporous niobium oxides with high surface areas were synthesized at the Dumesic 
laboratory through the condensation of an organometallic precursor, in which the niobium 
alkoxide moiety is covalently bonded to a long-chain amine surfactant molecule through a Nb-N 
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bond. Niobium (V) ethoxide was used as the alkoxide moiety and tetradecylamine was the 
surfactant.  The initial reaction between the surfactant and alkoxide was conducted in the 
absence of water to ensure that the interaction between the alkoxide and the surfactant was 
established prior to condensation.  Initially, tetradecylamine was dissolved in Nb(EtO)5 under an 
inert atmosphere.  Ethanol and water were then added followed by hydrolysis and condensation 
of Nb(EtO)5 covalently bonded to the surfactant.  The mixture was aged at temperatures of 353, 
373, and 453 K for 1, 1, and 7 days, respectively.  The surfactant was removed by refluxing a 
70% nitric acid, 3:1 ethanol to H2O mixture at a pH of 1.0.  Mesoporous niobium oxide was 
obtained with a high surface area of 300 m2/g and pore diameter of 36 Å.  TEM images of the as-
prepared niobium oxide exhibit two morphologies: particles comprised of thin sheet-like 
frameworks (Figure 1A) and small niobium oxide particulates (Figure 1B). 
 
 
Fig. 1.  TEM images of mesoporous niobium oxide, as prepared, comprised of A) 
particles with thin sheet-like frameworks and B) small niobium oxide particulates. 
 
 
The catalytic activity of the catalyst was tested for the acid catalyzed dehydration of 1,2,6-
hexanetriol to 1,6-hexandiol (Figure 2).  1,2,6-hexanetriol can be obtained from the catalytic 
conversion of monosaccharides to furan derivatives, such as  2,5-
dihydroxymethyltetrahydrofuran, which can be ring opened to 1,2,6-hexanetriol using Rh-
ReOx/SiO2.  Mesoporous niobium oxide was tested in the dehydration 1,2,6-hexanetriol in a 
fixed-bed reactor using a feed of 5wt% 1,2,6-hexantriol solution with  a reaction temperature of 
538 K and 800 psi. The catalyst was active in the production of 1,6-hexanediol, but exhibited a 
lower surface area of 7 m2/g after reaction. The significant decrease in surface area is primarily 
caused by the transformation of niobium oxide from an amorphous to a crystalline phase.  
Hence, this catalyst has low hydrothermal stability.  TEM images (Figure 3) show that the 
niobium oxide particles are dense, faceted and have lost their porosity, resulting in a very low 
surface area after reaction.   
 
A B
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Fig. 2.  Monosaccharide reaction network to 1,6-hexanediol. 
 
 
 
 
Fig. 3.  TEM images of niobium oxide after reaction.  The particles are dense and faceted 
with no porosity, resulting in a very low surface area of 7 m2/g. 
 
 
The synthesis of a hydrothermally stable mesoporous metal oxide is necessary to retain pore 
morphology and high surface areas.  To improve the stability of the niobium oxide catalyst, a 
small amount of silica (5 wt%) was incorporated into the niobium oxide framework. 
A mesoporous 95 wt% Nb-Si mixed oxide was synthesized at the Datye laboratory using 
ammonium niobium oxalate (ANO) as the niobium precursor, sodium silicate as the silica 
precursor and cetyltrimethylammonium bromide (CTAB) as the surfactant.  The catalyst was 
tested under hydrothermal conditions (10% H2O/N2) at various temperatures (100°C-500°C) for 
2 hr.  Figure 4 shows surface area vs. temperature plots of a commercially pure niobium oxide 
and 95 wt% Nb-Si mixed oxide.  Most of the surface area has been retained for 95 wt% Nb-Si 
mixed oxide at 500°C, whereas the pure niobium oxide has lost most of its surface area under the 
same conditions.  The Datye group also synthesized commercial niobium oxide surface-modified 
with 5 wt% silica.  Although surface-modified niobium oxide is more hydrothermally stable than 
pure niobium oxide, 95 wt% Nb-Si mixed oxide is more hydrothermally stable than the surface-
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modified niobium oxide.  Therefore, silica located inside the niobium oxide framework results in 
enhanced hydrothermal stability compared to silicon located on the surface of niobium oxide. 
 
Fig. 4.   Hydrothermal stability plots of commercially pure niobium oxide, 95 wt% Nb-
Si mixed oxide and surface modified (5 wt% SiO2) commercial niobium oxide. 
 
 
The Dumesic group synthesized another 95 wt% Nb-Si mixed oxide by incorporating 
tetraethyl orthosilicate during the initial reaction between Nb(EtO)5 and tetradecylamine in the 
absence of water.  Once the surfactant dissolved in Nb(EtO)5, water and ethanol were added to 
the mixture followed by hydrolysis and condensation of the Nb-Si framework.  The surfactant 
removal was accomplished as previously described for the mesoporous niobium oxide.  The 
catalyst activity and stability were tested for the acid catalyzed dehydration of 1,2,6-hexanetriol. 
The catalyst was active towards the formation of 1,6-hexandiol under reaction conditions.  TEM 
images of the 95 wt% Nb-Si mixed oxide after reaction exhibit two morphologies: rod-like 
faceted particles (Figure 5A) and small niobium oxide particulates (Figure 5B).  Many of the 
rod-like particles have some porosity, while others are non-porous.  Neither the small niobium 
oxide particulates nor the faceted porous particles were observed for pure niobium oxide under 
the same reaction conditions.  Therefore, incorporating a small amount of silica into the niobium 
oxide framework helps retain some of the surface area after reaction.  Surface area 
measurements, pore size distributions, X-ray diffraction, and elemental analysis are currently 
underway to further characterize these catalysts. 
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Fig. 5.  TEM images of 95 wt% Nb-Si mixed oxide after reaction conditions comprised 
of A) rod-like shaped faceted particles, with or without porous structures, and B) small 
niobium oxide particulates. 
 
 
Plans and Milestones for the Next Year 
The Zr-doped mesoporous silica supports will be developed and tested for their hydrothermal 
stability.  An important milestone will be the determination of whether these materials can 
provide sufficient hydrothermal stability.  If not, work will begin on developing alternative 
support materials. 
The Datye and Dumesic groups will continue to improve the synthesis of hydrothermally 
stable niobium oxide-based catalysts.  Although niobium chloride and niobium ethoxide are 
commonly used as precursors, using water soluble ammonium niobium oxide to prepare stable 
niobium oxide catalysts is desirable because it is non-toxic, inexpensive and water-soluble.  The 
Datye group will also investigate other approaches to developing hydrothermally stable niobium 
oxide-based catalysts using naturally-derived materials, such as sucrose, as templates. 
  
A B
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Selective Dehydration of Model Compounds 
 
ERC Team Members 
Project Leader: Brent Shanks, Iowa State University 
Other Faculty:  James Dumesic, University of Wisconsin – Madison; Matthew Neurock, 
University of Virginia; Abhaya Datye, University of New Mexico 
Graduate Students:  Ryan West, University of Wisconsin – Madison; Michael Nolan, Iowa State 
University; David Hibbitts, University of Virginia 
 
Statement of Project Goals 
Biorenewable feedstocks have excess oxygen relative to the amount typically present in 
industrial chemicals.  Dehydration is an important reaction for the removal of oxygen, but 
limited work has been performed on selective dehydration in the presence of additional 
functionality in the reactant. An important goal in developing a catalytic “tool chest” for 
biorenewable chemicals will be demonstration of effective selective dehydration catalysts. 
 
Project’s Role in Support of the Center’s Strategic Plan 
Selective dehydration in general will be an important chemical catalyst capability in the 
center.  In particular, selective dehydration catalysts will be necessary for successful 
development of the integrated test bed for diene production.  The final conversion step in the 
diene integrated test bed will be the selective dehydration of 3-ene-2-ol species. 
 
Fundamental Research Barriers and Methodologies Used to Address Them 
Two chemical systems, 3-penten-2-ol and 1,2,6-hexanetriol will be initially examined in the 
selective dehydration work.  One of the integrated test beds across CBiRC is the production of 
dienes.  For this test bed, Thrusts 1 and 2 will be examining pathways leading to the production 
of 3-ene-2-one compounds.  A Thrust 3 selective hydrogenation project will study the selective 
hydrogenation of these compounds to 3-ene-2-ol species.  Therefore, the proposed selective 
dehydration of 3-penten-2-ol will be the demonstration of the final step in producing a diene in 
this integrated test bed.  A second Thrust 3 project, which involves developing the chemical 
catalyst “tool chest” with existing biorenewable substrates, is the selective ring opening of 
furans.  This ring opening will produce polyhydroxylated molecules.  A fundamental question is 
whether these polyhydroxylated molecules can be dehydrated selectively without forming ring 
compounds.  1,2,6-hexanetriol will be used as the model compound for this selective dehydration 
work as it is one of the possible polyhydroxylated molecules that could be produced from the 
ring opening of hydroxymethylfurfural.  
 
Accomplishments in the Past Year 
A new graduate student, Michael Nolan, was recruited to work on 3-penten-2-ol dehydration.  
A flow reactor is being modified and brought online to perform the reaction studies.  Ryan West 
initiated work on the dehydration of 1,2,6 hexanetriol.  
The dehydration of 1,2,6 hexanetriol results in three primary compounds, as shown in 
Figure 1.  Dehydration between the 2 and 6 hydroxyl groups forms the ring structure 
hydroxylmethyl tetrahydropyran, while dehydration of the secondary hydroxyl group produces 
the cis and trans 1,6-hex-2-enediol isomers as well as 1,6-hex-1-enediol which isomerizes to the 
aldehyde form.  Subsequent hydrogenation of the linear dehydration products produces 1,6 
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hexanediol, while further reaction of the dehydration products can result in condensation and 
degradation products. 
 
 
 
 
Fig. 1.  Chemical pathway for the formation and subsequent reaction of 1,2,6 
hexanetriol dehydration products. 
 
 
Three primary classes of niobium catalysts were examined: amorphous, supported, and 
mesoporous, since niobium compounds are known to be stable in high water environments.  The 
results are shown in Table 1 for a 5 wt% aqueous 1,2,6 hexanetriol feed operating at a weight 
hourly space velocity, WHSV, of 0.6 hr-1.  The activity and selectivity to dehydration products of 
each catalyst is given as the conversion, and yield of aqueous-phase dehydration products (i.e., 
aqueous yield).  The selectivity among dehydration products is given as the molar ratio of the 
linear to ring products. 
In all cases, as the conversion increases, aqueous yield (and corresponding material balance) 
decreases due to the formation of degradation and condensation products.  These products were 
found to be either solid carbon, or organic species containing twelve carbons that formed a small 
organic phase. 
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Table 1.  Dehydration of 1,2,6 hexanetriol at 538 K, 52 bar, at a WHSV of 0.6 hr-1. 
  Conversion Aqueous Yield Linear/Ring Carbon Balance
Amorphous     
Niobic Acid (CBBM) 24% 15% 3.0 91% 
Niobium Phosphate (CBBM) 79% 35% 2.1 56% 
Phosphated Niobic Acid 100% 28% 2.4 28% 
Supported Niobium     
1% Nb on MEI ZrO2 14% 19% 2.0 105% 
3% Nb on MEI ZrO2 12% 23% 2.0 112% 
1% Nb on Nano ZrO2 6% 9% 1.8 103% 
3% on Mesoporous Carbon 16% 18% 1.3 102% 
Mesoporous Niobium compounds    
Nb TMS1 69% 42% 2.8 73% 
Nb TMS6 28% 38% 1.3 110% 
Mesoporous Nb-Si 13% 12% 1.1 99% 
 
Among the amorphous niobium compounds, niobic acid produced the highest ratio of linear 
to ring products (3.0) at relatively low conversion (24%).  Niobium phosphate and phosphated 
niobic acid (niobic acid impregnated with phosphoric acid) achieved much higher conversion; 
however, the carbon balance and linear/ring ratio were lower than niobic acid.  Supported 
niobium based catalysts showed low activity, 6-16% conversion, with moderate linear to ring 
molar ratios. 
The dehydration of 1,2,6 hexanetriol can be accomplished using niobium based catalysts in 
aqueous environments.  The further reaction of the dehydration products limits the yield to 
products while the selectivity to linear versus ring products depends upon the type of niobium 
catalyst and might be tunable with further studies. 
 
Plans and Milestones for the Next Year 
Reaction studies will be initiated for the dehydration of 3-penten-2-ol.  Additional work will 
be performed on 1,2,6 hexanetriol dehydration to determine if high selectivity to the linear 
product can be achieved. 
 
Member Company Benefits 
Members will have access to the dehydration results prior to publication. 
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Selective Hydrogenation of 3-en-2-one Compounds 
 
ERC Team Members 
Project Leader:  Robert Davis, University of Virginia 
Other Faculty:  Matthew Neurock, University of Virginia; Abhaya Datye, University of New 
Mexico; Richard Larock, Iowa State University 
Graduate Students:  Matthew Ide, Nishant Sinha and David Hibbitts, University of Virginia 
 
Statement of Project Goals 
The overall goal of this work is to understand the factors controlling the activity, selectivity, 
and stability of heterogeneous catalysts for the selective hydrogenation of 3-en-2-one 
compounds. 
 
Project’s Role in Support of the Center’s Strategic Plan 
One of the integrative test beds in this Center involves the production of diene hydrocarbons 
from glucose.  The test bed includes the biological catalytic production of 3-en-2-one compounds 
in Thrusts 1 and 2 that will need to be subsequently converted to dienes over chemical catalysts 
developed in Thrust 3.  The first step in the conversion is envisioned to be a selective 
hydrogenation of the carbonyl group in 3-en-2-one to form an alcohol without substantial 
hydrogenation of the C=C double bond.  The subsequent dehydration of the resulting alcohol 
will generate the desired diene.  (Selective dehydration is the focus of another part of Thrust 3.) 
 
Fundamental Research Barriers and the Methodologies Used to Address Them 
Preliminary evidence in the literature suggests that supported gold catalysts exhibit some 
selectivity for the desired reaction, but the selectivity toward hydrogenating the carbonyl group 
depends strongly on the substituent groups around the C=C double bond.  Moreover, there is also 
a significant challenge to prevent subsequent hydrogenation of the C=C double bond after 
selectively hydrogenating the C=O bond.  We will first study experimentally and 
computationally the role of hydrocarbon chain length on the selective hydrogenation of 3-en-2-
one compounds. In addition, the influence of various promoters and alloys will be explored to 
enhance adsorption of the carbonyl end of the molecule onto the gold catalysts thus facilitating 
its hydrogenation. 
 
Accomplishments in the Past Year 
The adsorption and selective hydrogenation of unsaturated aldehydes and ketones is known 
to be significantly altered by increases in the degree of substitution and/or the degree of 
branching of bulkier hydrocarbon intermediates near the C=C bond. Similarly, one might expect 
that the increased substitution at the C=O group would inhibit its ability to adsorb and influence 
its hydrogenation kinetics. In order to probe this effect, Neurock and Sinha carried out ab initio 
density functional (DFT) calculations to understand the influence of the reactant structure and its 
effect on the hydrogenation of model C1-C4 aldehydes and ketones (formaldehyde, acetaldehyde, 
propanaldehyde, acetone, butanaldehyde and methyl ethyl ketone) to provide a fundamental 
understanding of how these features influence the elementary reaction energies and activation 
barriers that control catalytic kinetics and selectivity.  They specifically analyzed the effects of 
the carbon chain length and the degree of substitution at the carbon atom in the reactive 
carbonyl. The hydrogenation of carbonyls can proceed through either an alkoxy mechanism, 
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where the carbon end of the molecule is hydrogenated first, or through a hydroxy mechanism in 
which the oxygen end of the molecule is hydrogenated first. 
All of the aldehydes as well as acetone undergo a rehybridization and bind in a di-σ η1 
η2(C,O) configuration whereas MEK(methyl ethyl ketone) binds in η1(O) mode. The activation 
barriers for all four of the different hydrogenation steps were nicely correlated to the reaction 
energies through Brønsted-Evans-Polanyi relationships.  The transition states for all 4 of these 
steps for formaldehyde are shown in Fig. 1 whereas the correlations for the hydroxyl mechanism 
are shown in Fig. 2. These energies were effectively reduced to the adsorption energies for the 
most strongly bound reactant or product that demonstrated the greatest changes with the changes 
in hydrocarbon substituent. The activation barriers for the formation of the hydroxyalkyl 
intermediates, for example, were found to be directly correlated to their binding energies since 
the energy of adsorption of the hydroxyalkyl reactant dominates the overall reaction energy. The 
subsequent hydrogenation of the hydroxyalkyl intermediate to form the alcohol was similarly 
correlated to the energy of adsorption of the hydroxyalkyl product as it controlled the overall 
reaction energy. The barriers for the hydrogenation of the hydroxyalkyl intermediate were found 
to be significantly lower than those for the hydrogenation of alkoxy intermediate for all of the 
carbonyls considered. Regardless of the mechanism or the carbonyl examined, the addition of the 
hydrogen to the oxygen end of the carbonyl on Ru was found to be limiting (with the lone 
exception of MEK). 
 
 
 
 
Fig. 1.  DFT-calculated transition state structures for the (a) formation of the 
hydroxymethyl intermediate from formaldehyde (b) formation of methanol from 
the hydroxymethyl intermediate (c) formation of the methoxy intermediate from 
formaldehyde (d) formation of the methanol from the methoxy intermediate on 
Ru(0001). 
 
 
New graduate student Matthew Ide was recruited into the research group of Davis and has 
started construction of a reactor system to evaluate the reactivity of promoted Au catalysts for 
selective hydrogenation of 3-en-2-one compounds.  A new liquid chromatograph and a cluster of 
computer nodes were purchased for the project. 
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Fig. 2.  Trends in the (a) reaction energies for the formation of the hydroxyalkyl 
intermediates from the carbonyls (b) activation barriers for the formation of the 
hydroxyalkyl intermediates from the carbonyls (c) reaction energies for the formation of 
the alcohol from the hydroxyalkyl intermediates and (d) activation barriers for the 
formation of the alcohol from the hydroxyalkyl intermediates on Ru(0001). 
 
 
Plans and Milestones for the Next Year 
The computational studies will begin to focus on the reactivity of Au surfaces, and the 
experimental studies will begin to evaluate the activity and selectivity of supported Au 
nanoparticles for the target reaction. 
 
Member Company Benefits 
Members will have access to unpublished results from experimental and computational 
studies of selective hydrogenation reactions by supported metal catalysts. 
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Life Cycle Assessment Support Area 
 
Techno-Economic Analysis of Making Hydrocarbons from Biomass-Derived Sugars 
 
ERC Team Members 
Project Leader:  Robert Anex, Iowa State University 
Other Faculty:  James Dumesic, University of Wisconsin – Madison; Brent Shanks and Basil 
Nikolau, Iowa State University 
Other Personnel:  Feroz Kabir, Iowa State University 
 
Statement of Project Goals 
The objective of this study is to evaluate the techno-economic feasibility of hydrocarbons 
produced from low-cost biomass-derived sugars. At present the technologies are at a conceptual 
stage so little information is available about operating conditions of the major unit processes in 
some of the most critical areas. This project will identify the major bottlenecks and research 
priorities that will make these processes economically feasible. 
 
Project’s Role in Support of the Center’s Strategic Plan 
This is a cross-cutting life cycle assessment project that will help guide the fundamental 
research directions. 
 
Fundamental Research Barriers and Methodologies 
The fundamental question is at what point chemicals from the biological catalyst platform 
should be handed off to the chemical catalyst platform. A first step to understanding this is to 
develop models of the technical and economic dimensions of converting the intermediates via 
chemical catalyst to valuable end products (e.g., alkanes) so that different intermediate starting 
points can be evaluated. 
 
Accomplishments in the Past Year 
We have built a set of preliminary models for representative processes. 
 
Other Relevant Work Within and Outside the Center 
There are several groups working on catalytic dehydration of sugars or other biomass-derived 
carbohydrates with hydrogenation to form hydrocarbons. None of these studies to our knowledge 
are looking at the techno-economic or life cycle aspects of these processes. There are no other 
studies attempting to develop generic guidelines for which intermediates are the most useful 
starting points for the chemical catalytic conversion to hydrocarbons. 
 
Plans for the Next Year 
We will develop a series of unit process models of conversion processes that can be 
combined to analyze the full path of conversion from biomass to hydrocarbons. We hope to 
abstract from model results general rules based on fundamental principles to guide the design of 
overall processes that combine biological and chemical catalysis to convert biomass to 
hydrocarbons. 
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Expected Milestones and Deliverables 
Techno-economic analysis of two model processes: glucose to HMF and levulinic acid to a 
model alkane. These process models will then be used to develop more generic models. The first 
two analyses will provide concrete information regarding process economics including necessary 
efficiency of producing the intermediate feedstock via biological catalysis. 
 
Member Company Benefits 
Member companies will be able to learn for the first time the economic outlook for catalytic 
processes that have been widely reported for converting biomass-derived carbohydrates to 
hydrocarbons. Analyses will demonstrate the major technological hurdles in these processes and 
identify targets for improving these processes through research and development. These targets 
may represent valuable research targets for member companies interested in developing these 
sorts of conversion processes. 
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Education and Outreach Projects 
 
Pre-College Education Program 
 
Teacher Professional Development 
 
ERC Team Members 
Project Leader:  Adah Leshem-Ackerman, Iowa State University 
Other Faculty:  D. Raj Raman and Derrick Rollins, Iowa State University 
Other Personnel:  Katie Blair, Iowa State University 
 
Statement of Project Goals 
CBiRC will develop a long-term partnership with Des Moines Public School District to 
provide STEM teachers (grades 6-12) with knowledge, experiences and tools to create inquiry 
based learning environments in their classrooms.  Emphasis will be placed on the teaching of 
engineering concepts in general with a strong focus on biorenewable chemicals and fuels.  
Teachers will be equipped to bolster a strong sense of inquiry and curiosity in science and 
engineering in their students.  CBiRC teachers in the Des Moines Public School District will be 
encouraged to work collaboratively with other teachers in their district across grades and subject 
areas and form a Professional Learning Community (PLC).  The National Commission for 
Teachers and America’s Future (NCTAF) will be collaborating with CBiRC to implement the 
PLC. 
 
Project’s Role in Support of the Center’s Strategic Plan 
Providing teachers with professional development opportunities and research experiences 
related to CBiRC research thrusts is a central part of the Center’s educational strategic plan: to 
prepare a strong and diverse pipeline of students committed to continuing their college education 
in STEM fields. 
 
Fundamental Research Barriers and Methodologies Used to Address Them 
We do not believe there exists a fundamental research barrier to this project.  The Research 
Institute for Studies in Education (RISE) will use formative and summative assessment 
methodologies to evaluate the efficacy and impact of the professional development programs. 
 
Accomplishments in the Past Year 
The 2009 summer RET program has accepted 7 high school teachers from Des Moines 
Public School District.  The 2009 Summer Academy has 4 Des Moines Public School District 
middle school teachers signed up as well as the Heartland Area Education Agency science 
consultant.  Two master teachers have been hired to work with the teachers over the course of the 
programs.  Programmatic elements are being finalized.  Evaluation instruments are in place to 
assess program participants, master teachers, and faculty mentors. 
We have received funding ($7,800) from the Iowa Energy Center to support one teacher in 
the RET program. 
We have also received funding (8,200) from the Iowa Board of Regents Math and Science 
Initiative Program to support two focus meetings with the participating teachers prior to the start 
of the summer programs.  This will help initiate the collaborative effort we hope to develop 
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among the participating teachers as well as better understand the teachers STEM backgrounds 
and their professional needs. 
 
Other Relevant Work Within and Outside the Center 
We are working with two teaching instructors to develop materials to train the teachers over 
the summer. 
 
Plans for the Next Year 
Spring 09 – Finalize calendar of events for summer programs; finalize content material to be 
delivered during the professional development programs. Administer the pre-evaluation survey. 
Summer 09 – Run the programs; administer weekly evaluation instruments; close the 
programs with a large poster reception in collaboration with two other teacher professional 
development programs offered at Iowa State University; conduct an exit focus group assessment. 
Fall 09 – Complete evaluations, visit schools and follow-up with teachers; work with the 
teachers and school administrators to implement the PLC. 
 
Expected Milestones and Deliverables 
 Complete two successful summer professional development programs with a total of 16 
teachers. 
 Initiate a Professional Learning Community for STEM teachers in the Des Moines Public 
School District in Collaboration with NCTAF. 
 Prepare a training manual for teachers. 
 Assist participating teachers in preparing posters to document their research and findings 
during the summer programs. 
 
Member Company Benefits 
Teachers will visit local industry related to biorenewable chemicals to get a better 
understanding of industry workforce needs and potential careers in industry. 
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Pre-College Learning Modules 
 
ERC Team Members 
Project Leader:  Adah Leshem-Ackerman, Iowa State University 
Other Faculty:  D. Raj Raman and Derrick Rollins, Iowa State University 
Other Personnel:  Katie Blair, Iowa State University 
 
Statement of Project Goals 
CBiRC will develop, in collaboration with partnering schools and teachers, three modules for 
use in grades 6-12 that will introduce students to the value of biorenewables and engineering 
concepts. 
 
Project’s Role in Support of the Center’s Strategic Plan 
The modules will engage pre-college students in the area of engineering in general and 
biorenewables in particular. 
 
Fundamental Research Barriers and Methodologies Used to Address Them 
We do not believe there exists a fundamental research barrier to this project.  The Research 
Institute for Studies in Education (RISE) will use formative and summative assessment 
methodologies to evaluate the efficacy and impact of the pre-college education modules. 
 
Accomplishments in the Past Year 
We plan to begin developing the modules in collaboration with the teachers who will 
participate in the summer professional development programs beginning June, 2009. 
 
Other Relevant Work Within and Outside the Center 
We are working with two teaching instructors to develop materials to train the teachers over 
the summer.  
 
Plans for the Next Year 
We will begin to develop the pre-college education modules. 
 
Expected Milestones and Deliverables 
 Develop three pre-college education modules. 
 
Member Company Benefits 
None to date. 
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Young Engineers Program 
 
ERC Team Members 
Project Leader:  Adah Leshem-Ackerman, Iowa State University 
Other Faculty:  D. Raj Raman and Derrick Rollins, Iowa State University 
Other Personnel:  Katie Blair, Iowa State University 
 
Statement of Project Goals 
CBiRC will recruit 10th-12th grade students who show a strong aptitude in STEM fields to 
collaborate with CBiRC faculty and students on research projects.  CBiRC will work with 6th-
12th grade students to develop Science Fair projects. 
 
Project’s Role in Support of the Center’s Strategic Plan 
To prepare a strong and diverse pipeline of students committed to continuing their college 
education in STEM fields. 
 
Fundamental Research Barriers and Methodologies Used to Address Them 
We do not believe there exists a fundamental research barrier to this project.  The Research 
Institute for Studies in Education (RISE) will use formative and summative assessment 
methodologies to evaluate the efficacy and impact of the Young Engineers program. 
 
Accomplishments in the Past Year 
We plan to implement the Young Engineers program in the fall of 2009 after working closely 
with the teachers during the initial summer professional development programs. 
 
Other Relevant Work Within and Outside the Center 
We are working with CBiRC’s Diversity Director to possibly recruit 2-4 minority high 
school students entering their senior year to participate in the CBiRC Young Engineers program 
in summer 2010 and thereafter.  These students will be part of an on-campus summer program 
and will at the same time work in a CBiRC lab on a small independent research project together 
with the teachers and REU students. 
 
Plans for the Next Year 
Recruit 6th – 12th grade students to participate in the Young Engineers program. 
 
Expected Milestones and Deliverables 
 Work with up to 10 6th – 12th grade students in the Des Moines Public School district on 
Science Fair projects. 
 Recruit up to 4 high school students to participate in an on campus internship program for 
Young Engineers. 
 
Member Company Benefits 
Young Engineers will be invited to visit local industry related to biorenewable chemicals to 
get a better understanding of industry workforce needs and potential careers in industry. 
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University Education Program 
 
CBiRC Graduate Minor 
 
ERC Team Members 
Project Leader:  D. Raj Raman, Iowa State University 
Other Faculty:  Thomas Bobik, Laura Jarboe, and Richard Larock, Iowa State University 
Other Personnel:  Katie Blair, Iowa State University 
 
Statement of Project Goals 
The goal of this project is to recruit, nurture, and train the next generation of creative and 
adaptive post-baccalaureate engineers capable of bridging the gap between chemical and 
biological catalysis. In so doing, we will strive to produce scientific and engineering 
professionals capable of moving the U.S. chemical industry toward a more sustainable model of 
production based on biorenewable feedstocks. 
CBiRC’s working hypothesis is that the characteristics desired of an innovative, adaptive, 
and creative engineer are as follows: 
 They will possess a deep understanding of fundamental principles honed by 
hands-on experiences in design courses, in the lab, and/or in industrial internship 
settings. These experiences and understanding of fundamental principles will 
make them willing tinkerers and critical thinkers who are continuously improving 
the systems on which they work. 
 They will have had a cross-disciplinary education that includes sufficient breadth 
that allows serious consideration of alternative solutions. In the context of 
CBiRC, this means that they will be able to see the wide-ranging potential for 
both chemical and biological catalysis for the production of biorenewable 
chemicals. 
 They will understand that economic and environmental constraints are central to 
the practice of engineering, and will be capable of evaluating their work based on 
economic and environmental criteria. 
 They will have a sense of purpose – that the work at hand is important to 
humanity’s future. This will be engendered by exposure to broader issues of 
sustainability and global ethics. 
 
The graduate minor program is motivated by all four of the qualities desired in innovative, 
adaptive, and creative engineers. Specifically, research labs and startup companies will provide 
hands-on experiences, thus making students comfortable with thinking critically and with 
tinkering (Bullet 1). The new graduate course in chemical and biological catalysis and 
requirement of taking additional coursework in two of the three thrust areas will expose all 
graduate minors to the importance of interdisciplinary work in achieving CBiRC’s goals (Bullet 
2). The new graduate course in the evolving chemical industry, along with the required course in 
fundamentals of biorenewable resources, will provide grounding in the importance of economic 
and environmental constraints (Bullet 3) in the development of biorenewable chemicals. Finally, 
seminars and the fundamentals of biorenewable resources will consider broader issues of 
sustainability (Bullet 4). 
 
CBiRC First Annual Report
Volume II 76
  
Project’s Role in Support of the Center’s Strategic Plan 
The establishment of a graduate minor in CBiRC is a central part of the Center’s educational 
strategic plan. To have the desired transformative impact on the chemical industry and upon 
engineering education related to biorenewable chemicals, we must train a new generation of 
interdisciplinary-minded and entrepreneurially-inclined engineers and scientists, and the 
graduate minor is the vehicle for doing so. 
 
Fundamental Research Barriers and Methodologies Used to Address Them 
Due to the nature of this project, we do not believe that there exists a fundamental research 
barrier per se. And, although interdisciplinary educational efforts are frowned upon in some 
corners of academia, at the launch site of the graduate minor, multiple interdisciplinary graduate 
programs exist and are encouraged. Furthermore, because the interdisciplinary graduate program 
is a minor, the classical disciplines are not cut out of the picture, but rather are enhanced by the 
new opportunity provided to their students. 
 
Accomplishments in the Past Year 
A program assistant has been hired, a program coordinating committee has been formed, and 
a draft proposal has been circulated and approved. 
 
Other Relevant Work Within and Outside the Center 
Although several graduate programs in biorenewable resources have sprung up in the last 
decade, including Iowa State University’s interdisciplinary graduate program in Biorenewable 
Resources and Technology, which has graduated over thirty students thus far, we are unaware of 
any other graduate programs focused on biorenewable chemicals. 
 
Plans for the Next Year 
Spring 09 – Convene Program Coordinating Committee. Move graduate proposal through 
ISU administrative committees. Full program approval by May 1. 
Summer 09 – Program advertising within CBiRC and affiliated departments. 
Fall 09 – Enroll first class of students. Offer new core course for first time and provide video 
version to partners. Design program assessment. 
 
Expected Milestones and Deliverables 
 Graduate minor enrollment of at least 10 students by December 2009. 
 At least 35 h of high quality video lecture in the area of chemical/biological catalysis from 
the introductory course. 
 Graduate minor enrollment from at least four different participating departments. 
 
Member Company Benefits 
The project builds human capital that may be harnessed by the Center’s industry members. 
Specifically, CBiRC graduate minors can do internships with these companies, or may 
eventually become permanent employees of these companies. 
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Research Experience for Undergraduates 
 
ERC Team Members 
Project Leader:  D. Raj Raman, Iowa State University 
Other Faculty:  Derrick Rollins, Iowa State University 
Other Personnel:  Adah Leshem-Ackerman and Katie Blair, Iowa State University 
 
Statement of Project Goals 
The goal of this project is to recruit, nurture, and train the next generation of creative and 
adaptive engineers who are capable of bridging the gap between chemical and biological 
catalysis. In so doing, we will strive to produce technical professionals capable of moving the 
U.S. chemical industry toward a more sustainable model of production based on biorenewable 
feedstocks. 
CBiRC’s working hypothesis is that the characteristics desired of an innovative, adaptive, 
and creative engineer are as follows: 
 They will possess a deep understanding of fundamental principles honed by 
hands-on experiences in design courses, in the lab, and/or in industrial internship 
settings. These experiences and understanding of fundamental principles will 
make them willing tinkerers and critical thinkers who are continuously improving 
the systems on which they work. 
 They will have had a cross-disciplinary education that includes sufficient breadth 
that allows serious consideration of alternative solutions. In the context of 
CBiRC, this means that they will be able to see the wide-ranging potential for 
both chemical and biological catalysis for the production of biorenewable 
chemicals. 
 They will understand that economic and environmental constraints are central to 
the practice of engineering, and will be capable of evaluating their work based on 
economic and environmental criteria. 
 They will have a sense of purpose – that the work at hand is important to 
humanity’s future. This will be engendered by exposure to broader issues of 
sustainability and global ethics. 
 
The REU program is motivated by all four of the qualities desired in innovative, adaptive, 
and creative engineers, and focuses heavily on the first two bullets. Specifically, the lab 
experiences will hone hands-on experiences (Bullet 1) and engender comfort tinkering. The 
sequence of CBiRC faculty lectures will expose all REU students to the importance of 
interdisciplinary work in achieving CBiRC’s goals (Bullet 2). While not a major focus, the life-
cycle analysis lecture will provide grounding in the importance of economic and environmental 
constraints (Bullet 3), and lectures on fundamental challenges of biorenewables will consider 
broader issues of sustainability (Bullet 4). 
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Project’s Role in Support of the Center’s Strategic Plan 
The establishment of a new REU site for CBiRC-focused students is a central part of the 
Center’s educational strategic plan. By bringing faculty mentors of students from minority-
serving institutions to the CBiRC REU site for one week of the summer1, the REU program is a 
key part of the Center’s plan to increase participation of underrepresented minorities in the 
STEM-related work of the Center. 
 
Fundamental Research Barriers and Methodologies Used to Address Them 
Due to the nature of this project, we do not believe that there exists a fundamental research 
barrier per se. Instead, the key challenges in this project are related to cultural and institutional 
barriers that inhibit the participation of underrepresented minorities in STEM fields and that 
discourage excellence in engineering education. One specific barrier is related to the reluctance 
of students from minority serving institutions to come to an REU site at a low-diversity 
institution. To overcome this barrier, our REU will invite mentors of students from minority-
serving institutions to spend a week at the REU site during the summer. During this time, those 
mentors will be able to visit with Center PI’s to build potential research partnerships, and to 
develop trust that this site is a nurturing place that they can encourage students to come to. 
 
Accomplishments in the Past Year 
The primary accomplishment at this writing is that the summer 2009 REU planning has been 
completed with housing arranged, a website up, and applications beginning to flow in. 
Invitations have been sent to faculty mentors at minority serving institutions as well as to 
underrepresented minority students who have participated in ongoing minority recruiting 
activities at ISU, such as AGEP program offshoots. Comprehensive assessment plans (including 
students, REU site mentors, and home institution mentors) have been designed in cooperation 
with the ISU Research Institute for Studies in Education staff. 
 
Other Relevant Work Within and Outside the Center 
Multiple other REU sites are funded by NSF. Ours is unique both in its focus on 
biorenewable chemicals via combined biological-chemical catalysis routes, and in its attempt to 
build strong links to faculty members at minority serving institutions. 
 
Plans for the Next Year 
Spring 09 – Review and select participants. Continue recruiting efforts such as attending the 
National Organization for the Professional Advancement of Black Chemist and Chemical 
Engineers. Invite mentors of participants from minority serving institutions. Do pre-assessments 
online with participants. 
Summer 09 – Run program. Do mid and post-assessments. Build relations with mentors from 
minority serving institutions. 
Fall 09 – Assess program and determine changes for following year. Share results of 
performance assessment with other GEN-3 ERC REU sites. 
 
                                                            
1  Note that one reviewer of the strategic plan seemed to think that we were suggesting that students from 
minority institution would only do a one-week REU. This is not the case at all, these students will have a 
full REU but their faculty mentors will have the option to come to campus for a week to build potential 
research collaborations and to better understand the program. 
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Expected Milestones and Deliverables 
 REU enrollment of 10 students in summer 2009, including several academically outstanding 
minority students. 
 Week-long visits from at faculty members from minority serving institutions during the 2009 
REU program. 
 Provide a sufficiently exciting and positive experience that at least 20% of the female and 
underrepresented minority REU participants in the 2009 program indicate (through exit 
assessments) a willingness to enter CBiRC-related graduate programs at any of the partner 
institutions. 
 
Member Company Benefits 
The project builds human capital that may be harnessed by the Center’s industry members. 
Specifically, REU graduates may go on to internships with these companies, or may eventually 
become permanent employees of these companies. 
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ASSOCIATED PROJECT ABSTRACTS 
 
Research Program and Projects 
 
Thrust 1 – New Biocatalysts for Pathway Engineering 
 
Biocatalysts of the Acetyl-CoA Condensation Metabolic Pathway 
Sponsoring Organization(s):  Iowa State University 
Project Leader:  Basil Nikolau, Iowa State University 
Graduate Students:  Huanan Jin, Iowa State University 
Abstract 
This project investigates how acetyl-CoA is metabolized via condensation mechanisms.  The 
biocatalytic condensation of two acetyl-CoA molecules to form acetoacetyl-CoA is the initial 
reaction in two distinct metabolic pathways.  In higher plants this is the initial reaction of the 
mevalonate pathway of isoprenoid biosynthesis in the cytosol of plant cells, and in 
photosynthetic microbes it’s the initial reaction in the biosynthesis of polyhydroxyalkanoates.  
These biocatalysts share common chemical mechanisms with the fatty acid synthase/polyketide 
synthase set of pathways.  This project seeks to explore the suitability of these biocatalysts in the 
platform that CBiRC is establishing for the generation of 4-6 carbon platform chemicals for 
biorenewable applications.  To date these enzymes have been isolated and expressed in a 
recombinant system, and each biocatalysts is being characterized to ascertain detailed metabolic 
and structural understanding. 
 
Essential Nature of Fatty Acid Elongase 
Sponsoring Organization(s):  Iowa State University2 
Project Leader:  Basil Nikolau, Iowa State University 
Graduate Students:  Alexis Hoffman Campbell, Iowa State University 
Abstract 
In plant systems, fatty acids with chains lengths of 20 or more carbons (Very Long Chain 
Fatty Acids; VLCFAs) are formed by the elongation of preformed 18-carbon fatty acids, 
catalyzed by a poorly characterized fatty acid elongase.  These VLCFAs are incorporated into a 
wide variety of physiologically significant phytochemicals, including cuticular waxes, cutin, 
suberin, sphingolipids, and some phospholipids and seed oils.  The identification of maize 
mutants that affect the biosynthesis of some of these VLCFA-derived phytochemicals (i.e., 
cuticular waxes) has resulted in the isolation of genes that encode one of the four-component 
fatty acid elongase-enzyme, i.e., 3-ketoacyl-CoA reductase (Xu et al., 1997; Xu et al., 2002; 
Dietrich et al., 2005).  This fatty acid elongase is thought to be analogous to the fatty acid 
synthase complex, except it is an integral membrane protein, and it uses CoA derivatives as the 
metabolic intermediates.  This project is attempting to reconstitute the maize fatty acid elongase 
complex via the recombinant expression of the individual enzyme components in the yeast 
Saccharomyces cerevisiae.  Accomplishing this task will set the stage for the detailed 
biochemical analysis of this poorly characterized enzyme complex. 
  
                                                            
2  This work is a continuation of NSF Grant No. IOS 0344852. 
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Characterization of two GL8 paralogs reveals that the 3-ketoacyl reductase component of 
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the production of cuticular waxes. Plant Physiol 128: 924-934 
 
Functional Genomics of the Biotin Metabolic Network of Arabidopsis 
Sponsoring Organization(s):  Iowa State University3 
Project Leader:  Basil Nikolau and Eve Wurtele, Iowa State University 
Graduate Students:  Bryon Upton and Lucas Showman, Iowa State University 
Abstract 
This project investigates how the essential vitamin, biotin, whose primary function has been 
ascribed as a catalytic cofactor required by enzymes involved in diverse metabolic processes, 
regulates a number of distinct metabolic functions.  This work is based on prior studies 
conducted by the PIs (Nikolau and Wurtele) indicating that biotin is a regulatory molecule that 
appears to play critical roles in controlling transcriptional and post-transcriptional mechanisms in 
gene expression. This project seeks to identify and characterize the biochemical and 
physiological functions of genes associated with the biotin metabolic network of eukaryotic 
organisms, using Arabidopsis as a model. Plants are ideally suited for these studies as they, along 
with some microbes, are the primary organisms that can synthesize this molecule de novo; all 
other organisms must acquire this molecule from their diets or from the environment.  The biotin 
network is defined as encompassing the genes that are involved in the biosynthesis, utilization, 
recovery and transport of biotin, genes coding for biotinylated protein, genes that are involved in 
a biotin-requiring process, and genes whose expression is altered by the biotin status of the 
organism. This project combines reverse genetic, biochemical, and molecular approaches to 
elucidate the functions of each of the genes associated with the biotin network.  Characterization 
of these genes is occurring by the recombinant expression of each gene in a transgenic microbe, 
followed by biochemical characterization.  To date, these characterizations have set the stage for 
the recombinant reconstitution of the following enzymes/pathways: 
1) The plant biotin biosynthetic pathway that is constituted by 4 catalytic functions (Muralla et 
al., 2008). 
2) The biotin-dependent heteromeric acetyl-CoA carboxylase, consisting of 4 distinct catalytic 
components.   
3) The biotin-dependent heteromeric acyl-CoA carboxylase, consisting of 2 distinct catalytic 
components. 
4) A biotin-transporter functions that catalyzes the movement of biotin between cells.  
  
                                                            
3  This work is a continuation of NSF Grant No. MCB 0416730. 
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Thrust 3 – Chemical Catalyst Design 
 
Base-Catalyzed Transesterification over Hydrotalcites and Mixed Metal Oxides 
Sponsoring Organization(s):  U. S. Department of Energy 
Project Leader:  Robert Davis, University of Virginia 
Undergraduate Students:  Matthew Aronson, University of Virginia 
Graduate Students:  Yuanzho Xi and Joseph Kozlowski, University of Virginia 
Abstract 
This project investigates the importance of Bronsted base sites present as charge balancing 
anions in the interlayer spaces of hydrotalcites as active sites for the transesterification of 
tributyrin with methanol, a model reaction for biodiesel synthesis.  In addition, mixed oxides of 
Mg-Zr and Mg-Ti are also being explored as catalysts for the reaction. 
 
Condensed Phase Catalysis with Bio-Oil Species 
Sponsoring Organization(s):  ConocoPhillips Company 
Project Leader:  Brent Shanks, Iowa State University 
Graduate Students:  Ryan Snell, Iowa State University 
Abstract 
Many of the carbohydrate-derived molecules in fast pyrolysis bio-oil are smaller than would 
be desirable.  The objective of the proposed project is to examine condensed-phase reactions that 
could be performed on the carbohydrate-derived fraction.  The goal of the reactions would be to 
eliminate some oxygen from the molecules as well as to increase the size of the molecules by 
C-C coupling. 
 
Molecular Engineering for Conversion of Biomass-Derived Reactants to Fuels, Chemicals 
and Materials 
Sponsoring Organization(s):  NSF PIRE 
Project Leader:  Abhaya Datye, University of New Mexico 
Other Faculty:  Robert Davis and Matthew Neurock, University of Virginia; James Dumesic, 
University of Wisconsin – Madison; Brent Shanks, Iowa State University 
Undergraduate Students:  Angelica Sanchez and Ehren Baca, University of New Mexico 
Graduate Students:  Levi Houk and Andrew DeLaRiva, University of New Mexico; Oliver 
Daniel and Sara Davis, University of Virginia; Ryan West, University of Wisconsin – Madison; 
Keenan Deutsch, Iowa State University 
Abstract 
Several research projects are funded under this PIRE award.  One project, “Selective 
Oxidation of Hydroxymethylfurfural over Supported Au Catalysts,” is aimed at understanding 
how supported Au nanoparticles convert the sugar-derived molecule HMF to diacids with 
dioxygen at relatively mild temperatures in water. 
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Glycerol is a co-product of biodiesel synthesis and is therefore a potential renewable 
feedstock for commodity and specialty chemicals.  Another project, “Selective Hydrogenolysis 
of Glycerol over Bimetallic Catalysts,” is aimed at elucidating the relationship between catalyst 
structure and function for the hydrogenolysis of glycerol to propylene glycol and other 
commodity chemicals. 
Yet another project, “Hydrothermal Stability of Supported Au Catalysts,” is aimed at 
understanding factors that determine the stability of supported Au catalysts.  The project will 
involve collaborations with other groups in the PIRE network who are using Au catalysts for 
specific chemical conversions. 
Carbon supports are extensively used in supported catalysts for conversion of biomass 
derived reactants.  A fouth project, “Nucleation and Growth of Metals on Carbon Supports,” will 
apply aberration corrected electron microscopy to probe the surface sites on carbon that lead to 
improved anchoring of the metal, and to enhanced selectivity. 
The project entitled “Acid-Base Catalysis of Oxygenated Hydrocarbons Toward Biofuels” 
deals with studies of C-C coupling reactions between functional groups in oxygenated 
hydrocarbons derived from biomass. In particular, the research involves studies of aldol 
condensation reactions between aldehydes and ketones over basic catalysts and ketonization 
reactions between carbonylic acids over acid/base catalysts.  In addition, this work addresses 
removal of oxygen from oxygenated hydrocarbons by a combination of dehydration reactions 
and hydrogenation reactions. 
 
Nanostructured Catalysts for Hydrogen Generation 
Sponsoring Organization(s):  U. S. Department of Energy 
Project Leader:  Abhaya Datye, University of New Mexico 
Undergraduate Students:  Loren Baca, University of New Mexico 
Graduate Students:  Patrick Burton and Eric Peterson, University of New Mexico 
Postdocs:  Barr Halevi, University of New Mexico 
Abstract 
The goal of this work is to investigate factors that lead to enhanced activity and selectivity 
for conversion of alcohols into hydrogen. 
 
Organometallic Chemistry on Gold Surfaces 
Sponsoring Organization(s):  U. S. Department of Energy 
Project Leader:  L. Keith Woo, Iowa State University 
Graduate Students:  Eric Klobukowski, Iowa State University 
Abstract 
The purpose of this project is to compare and contrast the binding and subsequent reactions 
of specific organic molecules in metal complexes and on metal surfaces.  More specifically, we 
hope to understand whether or not principles that are useful in understanding reactions of organic 
ligands in organometallic complexes can be applied to the same organic molecules adsorbed on a 
metal surface.  Gold was chosen as the metal surface because it does not react with dioxygen 
(O2) to form a surface oxide at room temperature.  We have shown that gold metal is not as 
catalytically inactive as was previously assumed. 
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Reforming of Oxygenated Hydrocarbons on Metal Catalysts 
Sponsoring Organization(s):  U. S. Department of Energy 
Project Leader:  James Dumesic, University of Wisconsin - Madison 
Graduate Students:  Edward Kunkes, University of Wisconsin - Madison 
Abstract 
This project deals with studies of bimetallic catalysts for the conversion of sugars and polyols 
to liquid transportation fuels. The research involves fundamental studies of the factors that 
control the rates and selectivities for the cleavage of C-C and C-O bonds.  The objective of this 
work has been to convert sugars and polyols to mono-functional intermediates that can be 
upgraded to gasoline, jet and Diesel fuels. 
 
Life Cycle Assessment Support Area 
 
Techno-Economic Analysis of Dimethylfuran Production from Pure Fructose 
Sponsoring Organization(s):  ConocoPhillips Company 
Project Leader:  Robert Anex, Iowa State University 
Other Personnel:  Feroz Kabir, Iowa State University 
Abstract 
This project is a related techno-economic analysis of the production of a potential fuel 
(DMF) from fructose – a carbohydrate that could be derived from biomass through isomerization 
of glucose. 
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3. Heggenstaller, A.H., R.P. Anex, M. Liebman, D.N. Sundberg and L.R. Gibson. Productivity 
and Nutrient Dynamics in Bioenergy Double-Cropping Systems. Agronomy Journal 
100(6):1740-1748, November 2008. 
4. Isci, A., J. N. Himmelsbach, J. Strohl, A. L. Pometto III, D. R. Raman, R. P. Anex. Pilot 
scale fermentation of aqueous ammonia soaked switchgrass. Applied Biochemistry and 
Biotechnology, published online 21 August 2008. 
5. Isci, A., P.T. Murphy, R.P. Anex, K.J. Moore. A Rapid Simultaneous Saccharification and 
Fermentation (SSF) Technique to Determine Ethanol Yields. BioEnergy Research, 1(2): 163-
169, June 2008. 
6. Isci, A., J. N. Himmelsbach, A. L. Pometto III, D. R. Raman, R. P. Anex “Aqueous ammonia 
soaking of switchgrass followed by simultaneous saccharification and fermentation,” Applied 
Biochemistry and Biotechnology, published online 1 August 2007. 
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7. Anex, R.P., L.R. Lynd, M.S. Laser, A.H. Heggenstaller, and M. Liebman. “Growing Energy, 
Closing Cycles: The Potential for Enhanced Nutrient Cycling through the Coupling of 
Agricultural and Bioenergy Systems,” Crop Science J., 47:1327-1335, July 2007. 
8. Anex, R. P. and Ogletree, A. L. “Life Cycle Assessment of Energy-based Impacts of a 
Biobased Process for Producing 1,3-Propanediol.” In J. Bozell and M. Patel (eds.) 
Feedstocks for the Future: Renewables for the Production of Chemicals and Materials, 
London: Oxford University Press, (2005). 
9. Anex, R. P. “Something new under the Sun? The Industrial Ecology of biobased materials.” 
J. Industrial Ecology, Special Issue on the Industrial Ecology of Biobased Materials, 7(3/4): 
1-4 (2004). 
10. Anex, R. P. and Focht, W. “Participation in Life-Cycle Assessment and Risk Assessment: A 
Shared Need,” Risk Analysis, 22(5):861-877 (2002). 
 
(d)  Synergistic Activities 
Principal Investigator, NSF project CMS0424700, Biocomplexity in the Bioeconomy, 2004-09. 
Principal Investigator, Techno-economic evaluations of biochemical biorefinery concepts, 
ConocoPhillips Company, 2007-2009. 
Co-organizer, Biomass Energy Shortcourse: Biomass Refining, Santa Clara, CA, March 23-24, 
2007. 
Chair, NSF Workshop on the Land Use and Water Impacts of Biofuels, August 2009. 
Associate Editor, Intl. Journal of Life Cycle Assessment and Journal of Industrial Ecology. 
 
(e)  Collaborators & Other Affiliations 
Collaborators (past 48 months) 
Birrel, S. Iowa State University Colletti, J. Iowa State University 
Coors, J. University of Wisconsin Focht, W. Oklahoma State University 
Greenhalgh, S. World Resources Institute Hatfield, J. USDA/NSTL 
Hinrichs, C. University of Pennsylvania Liebman, M. Iowa State University 
Lynd, L. Dartmouth College Moore, K. Iowa State University 
Muck, R. USDA/ARS Pometto, A. Iowa State University 
Radtke, C. DOE/INL Raman, D.R. Iowa State University 
Richard, T. University of Pennsylvania Shinners, K. University of Wisconsin 
Graduate and Post-Doctoral Advisors 
Englehardt, J.  University of Miami          Hubbard, M.  UC-Davis          Lund, J.  UC-Davis 
Thesis Advisor and Postgraduate-Scholar Sponsor (past 48 months) 
Albert Bennett (Ph.D. – 2007, ICM), Abigail Hancock (M.S. – 2006, Univ. Arkansas), Alison 
Ogletree (M.S. – 2005, A. D. Midland), David Hergenrether (M.S. – 2005, ExxonMobil) 
Past Students 
 
Steven Bly, Katherine Edwards, Joshua Fortman, Andrew Heggenstaller, Asli Isci, Akshay Patel,  
Current Students 
Jessica Riedl, Yen-nung Wu 
Current Postdoctoral Associates
Brian Gelder, Feroz Kabir 
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THOMAS A. BOBIK 
Associate Professor, Department of Biochemistry, Biophysics, & Molecular Biology 
Iowa State University 
2164 Molecular Biology Building, Ames, IA 50011-3260 
(515) 294-4165 / (515) 294-0453 (fax) / bobik@iastate.edu 
 
(a)  Professional Preparation 
Indiana University                              Microbiology              B.S., 1979 
University of Illinois, Urbana             Microbiology              M.S., 1986 
University of Illinois, Urbana             Microbiology              Ph.D., 1990 
University of Utah                              Microbiology              Postdoc, 1990-1995 
  
(b)  Appointments 
2004-present Associate Professor, Biochemistry, Biophysics & Molecular Biology, 
Iowa State University 
1995-2003 Assistant Professor, Microbiology & Cell Science, University of Florida 
 
(c)  Publications  
1. Fan, C. and Bobik, T. A. (2008) The PduX enzyme of Salmonella enterica is an L-
 threonine kinase used for coenzyme B12 synthesis. J. Biol Chem. 283, 11322-11329. 
2. Fan, C. and Bobik, T. A. (2008) Functional characterization and mutational analysis of 
 the human ATP:Cob(I)alamin adenosyltransferase. Biochemistry. 47, 2806-2813. 
3.  Sampson, E. and Bobik, T. A. (2008) Bacterial microcompartments provide protection 
 from DNA and cellular damage by reactive metabolic intermediates. J. Bacteriol. 190, 
 2966-2971. 
4. Thomas A. Bobik. (2007) Bacterial microcompartments. Microbe. 2, 25-31.  
5. Yu Liu, Nicole A. Leal, Edith M. Sampson Celeste L. V. Johnson, Gregory D. Havemann 
 and Thomas A. Bobik. (2007) PduL is an Evolutionarily Distinct Phosphotransacylase 
 Involved in B12-Dependent 1,2-Propanediol Degradation by Salmonella enterica serovar 
 Typhimurium LT2. J. Bacteriol. 185, 1589-1596. 
6. Johnson, C.L.V., Buszko, M. L. and Bobik, T. A. (2004) Purification and initial biochemical 
 characterization of the Salmonella enterica PduO ATP:cob(I)alamin adenosyltransferase. J. 
 Bacteriol. 186, 7881-7887. 
7. Leal, N. A. and Bobik, T. A. (2004) Human ATP:Cob(I)alamin adenosyltransferase and its 
 interaction with methionine synthase reductase. J. Biol. Chem. 279, 47536-47542. 
8. Leal, N. A., Park, S. D., Kima, P. E. and Bobik, T. A. (2003). Identification of the Human 
 and Bovine ATP:Cob(I)alamin Adenosyltransferase cDNA Based on Complementation of a 
 Bacterial Mutant. J. Biol. Chem. 278, 9227-9234. 
9. Havemann, G. D. and T. A. Bobik. (2003) Protein content of the polyhedral organelles 
 involved in coenzyme B12-dependent degradation of 1,2-Propanediol in Salmonella enterica 
 Serovar Typhimurium LT2. J. Bacteriol. 185, 5086-5095. 
10. Bobik, T. A. and Rasche, M. E. (2001) Identification of the human methylmalonyl-CoA 
 racemase gene based on the analysis of prokaryotic gene arrangements: implications for 
 decoding the human genome. J. Biol. Chem. 276, 37194-37198. 
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(d)  Synergistic Activities 
Dr. Bobik’s specialty is bacterial genetics and physiology. He is currently conducting 
fundamental studies on vitamin B12 metabolism and bacterial microcompartments as well as 
applied studies on bacterial metabolic pathway engineering. The applied studies include genetic 
engineering of Escherichia coli and Rhodospirillum rubrum for the production of 3-
hydroxypropionate from glucose or synthesis gas, and the construction of novel pathways for 
production of bioethanol and advanced biofuels. 
 
(e)  Collaborators & Other Affiliations 
Collaborators (past 48 months) 
Dr. Ruma Banerjee, University of Michigan 
Dr. Terrence Flotte, University of Florida, Gainesville 
Dr. Eva Liebau, Bernhard Nocht Institute for Tropical Medicine, Hamburg, Germany 
Dr. Madeline Rasche, University of Florida, Gainesville 
Dr. John R. Roth, UC-Davis 
Dr. Todd Yeates, UCLA 
Thesis Advisor and Postgraduate-Scholar Sponsor (past 48 months) 
Celeste LV Johnson (Ph.D. – 2004), Nicole A. Leal (Ph.D. – 2004), Edith Sampson (M.S. – 
2004), Gregory D. Havemann (Ph.D. – 2003, Postdoctoral trainee, 2003 – 2004), Patrick Joyner 
(M.S. – 2003), Susan Fleck (Post-doctoral trainee – 1999) 
Past Students 
 
Netra Agarkar, Shouquiang Cheng, Chenquang Fan, David Gogerty, Flora Liu, Huilin Zhou 
Current Students 
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NANCY A. DA SILVA 
Professor, Department of Chemical Engineering and Materials Science 
University of California, Irvine 
916 Engineering Tower, Irvine, CA 92697-2575 
(949) 824-8288 / (949) 824-2541 (fax) / ndasilva@uci.edu 
 
(a)  Professional Preparation 
University of Massachusetts Chemical Engineering B.S., 1982 
California Institute of Technology Chemical Engineering M.S., 1985 
California Institute of Technology Chemical Engineering Ph.D., 1988 
 
(b)  Appointments 
2004 – present Professor, Biomedical Engineering (joint appointment), UC Irvine 
2000 – present Professor, Chemical and Biochemical Engineering, UC Irvine 
1994 – 2000 Assoc. Professor, Chemical and Biochemical Engineering, UC Irvine 
1988 – 1994 Asst. Professor, Chemical and Biochemical Engineering, UC Irvine 
 
(c)  Publications 
1. D.C. Pecota, V. Rajgarhia, and N.A. Da Silva. 2007. Sequential gene integration for the 
metabolic engineering of Kluyveromyces marxianus. J. Biotechnol., 127, 408-416. 
2. W. Lee and N.A. Da Silva. 2006. Application of Sequential Integration for Metabolic 
Engineering of 1,2-Propanediol Production in Yeast. Metabolic Engineering, 8, 58-65. 
3. S.C. Mutka, S.M. Bondi, J.R. Carney, N.A. Da Silva, and J.T. Kealey. 2006. Metabolic 
Pathway Engineering for Complex Polyketide Biosynthesis in Saccharomyces cerevisiae. 
FEMS Yeast Research, 6, 40-47. 
4. D.C. Pecota and N.A. Da Silva. 2005. Evaluation of the Tetracycline Promoter System for 
Regulated Gene Expression in Kluyveromyces marxianus. Biotechnol. Bioeng., 92, 117-123. 
5. K. M. Lee and N.A. Da Silva. 2005. Evaluation of the Saccharomyces cerevisiae ADH2 
Promoter for Protein Synthesis. Yeast, 22, 431-440. 
6. Y.-C. M. Wang, L.L. Chuang, F.W.F. Lee, and N.A. Da Silva. 2003. Sequential Cloned Gene 
Integration in the Yeast Kluyveromyces lactis. Appl. Microbiol. Biotechnol., 62, 523-527. 
7. W. Panuwatsuk and N.A. Da Silva. 2003. Application of a Gratuitous Induction System in 
Kluyveromyces lactis for the Expression of Intracellular and Secreted Proteins during Fed-
Batch Culture. Biotechnol. Bioeng., 18, 712-718. 
8. W. Panuwatsuk and N.A. Da Silva. 2002. Evaluation of pKD1-based Plasmid Systems for 
Heterologous Protein Production in Kluyveromyces lactis. Appl. Microbiol. Biotechnol., 58, 
195-201. 
9. F.W.F. Lee and N.A. Da Silva. 1997. Sequential δ-Integration for the Regulated Insertion of 
Cloned Genes in Saccharomyces cerevisiae. Biotechnol. Progress, 13, 368-373. 
10. F.W.F. Lee and N.A. Da Silva. 1997. Improved Efficiency and Stability of Multiple Cloned 
Gene Insertions at the δ Sequences of Saccharomyces cerevisiae. Appl. Microbiol. 
Biotechnol., 48, 339-345. 
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(d)  Synergistic Activities 
UCI ADVANCE Program (Sponsored by the NSF ADVANCE Program): Service as Equity 
Advisor for the Henry Samueli School of Engineering working with the Dean, Department 
Chairs, Search Committees on the recruitment, retention, and advancement of women 
faculty.  Responsibilities include the development of Assistant Professor mentoring 
programs, and organizing panels and meetings for women students. 
Service on editorial boards for Journal of Biotechnology and Applied Biochemistry and 
Biotechnology. 
BioEMB: Bioengineering Educational Materials Bank, Member of Advisory Board. 
Heading curriculum development and new major initiatives for the department.  Took the lead in 
outlining and implementing curriculum changes for the undergraduate Chemical Engineering 
major.  Leading ABET accreditation activities. 
Served as advisor for the UCI Student Chapter of the Society of Women Engineers, AIChE, and 
Omega Chi Epsilon. 
 
(e)  Collaborators & Other Affiliations 
Collaborators (past 48 months) 
Pierre Baldi, Professor - University of California, Irvine 
Wilfred Chen, Professor - University of California, Riverside 
Lucília Domingues, Professor - Universidade do Minho, Portugal 
G. Wesley Hatfield, Professor - University of California, Irvine 
James E. Kealy, Ph.D., Sarah Mutka, Ph.D., (Shana Bondi, John Carney) - Kosan Biosciences 
Richard H. Lathrop, Professor - University of California, Irvine 
Marc Madou, Professor - University of California, Irvine 
Vineet Rajgarhia, Ph.D. - Mascoma Corporation (formerly at Cargill Dow (NatureWorks)) 
Kirsty Salmon, Ph.D. - CBRL Manager, University of California, Irvine 
Suzanne Sandmeyer, Professor - University of California, Irvine 
Szu-Wen Wang, Assistant Professor - University of California, Irvine 
Graduate Advisor 
James E. Bailey (deceased) 
Thesis Advisor and Postgraduate-Scholar Sponsor (past 48 months) 
Manely Kouhssari (M.S. – 2008), Dhawal Shah (Ph.D. – 2007, BioRad), Ka Kit Michael Lee 
(Ph.D. – 2006, Amgen), Claudia Ching (Ph.D. – 2005), Soojin Lee (Ph.D. – 2005, GIST, Korea) 
Past Students  
 
Sam Wei Polly Chan, Jin Wook Choi, Christopher Leber, Himanshu Sharma, Michael Shen, 
Current Students 
Sneha Srikrishnan 
 
Senthil Kumar Raman 
Current Postdoctoral Associate 
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ABHAYA K. DATYE 
Distinguished Professor, Chemical & Nuclear Engineering Department 
University of New Mexico 
MSC01 1120, Albuquerque, NM 87131-0001 
(505) 277-0477 / (505) 277-5433 (fax) / datye@unm.edu  
 
(a)  Professional Preparation 
Indian Institute of Technology Chemical Engineering B.S., 1975 
University of Cincinnati Chemical Engineering M.S., 1980 
University of Michigan Chemical Engineering Ph.D., 1984 
 
(b)  Appointments 
1984 – present Distinguished Professor, Chemical & Nuclear Engineering, University of 
New Mexico 
2007 – present Director of the Nanoscience & Microsystems graduate program, 
University of New Mexico  
1994 – present Director, Center for Micro-engineered Materials (CMEM), UNM Level 
III center, University of New Mexico 
2002 – 2007 Associate Chair, Department of Chemical and Nuclear Engineering, 
University of New Mexico 
2004 – 2007 Site Director, NSF/IUCRC Ceramic and Composite Materials Center, 
University of New Mexico 
1999 – 2004 Executive Director, NSF/IUCRC Ceramic and Composite Materials 
Center, University of New Mexico  
1994 – 1999  Director NSF/IUCRC Center for Microengineered Materials, University 
of New Mexico 
1976 – 1978 Hindustan Organic Chemicals, Rasayani, India, Scientific Officer 
1975 – 1976 Hindustan Lever Ltd., Research Center, Bombay, India, Research Asst. 
 
(c)  Publications 
1. Szabo, E.G., M. Hegedus, F. Lonyi, A. Szegedi, A.K. Datye, and J.L. Margitfalvi, 
Preparation, characterization and activity of Au/Al2O3 catalysts modified by MgO. Catal. 
Commun. FIELD Full Journal Title:Catalysis Communications, 2009. 10(6): p. 889-893. 
2. Moodley, D.J., J. van de Loosdrecht, A.M. Saib, M.J. Overett, A.K. Datye, and J.W. 
Niemantsverdriet, Carbon deposition as a deactivation mechanism of cobalt-based Fischer-
Tropsch synthesis catalysts under realistic conditions. Appl. Catal., A FIELD Full Journal 
Title:Applied Catalysis, A: General, 2009. 354(1-2): p. 102-110. 
3. Switzer, E.E., T.S. Olson, A.K. Datye, P. Atanassov, M.R. Hibbs, and C.J. Cornelius, 
Templated Pt-Sn electrocatalysts for ethanol, methanol and CO oxidation in alkaline media. 
Electrochimica Acta, 2008. 
4. Naicker, T., A.K. Datye, and H.B. Friedrich, A comparative study of Os-hydrotalcites for 
the cis-dihydroxylation of cyclohexene. Applied Catalysis A: General, 2008. 350(1): 96-
102. 
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5. Lebarbier, V., R. Dagle, T. Conant, J.M. Vohs, A.K. Datye, and Y. Wang, CO/FTIR 
spectroscopic characterization of Pd/ZnO/Al2O3 catalysts for methanol steam reforming. 
Catalysis Letters, 2008. 122(3-4): p. 223-227. 
6. Karim, A.M., T. Conant, and A.K. Datye, Controlling ZnO morphology for improved 
methanol steam reforming reactivity. PCCP, 2008. 10(36): p. 5584-5590. 
7. Houk, L., A. DeLaRiva, R. Goeke, P. Fanson, and A. Datye, Support effects on adatom 
emission from nanoparticles. Microscopy & Microanalysis, 2008. 14(2): p. 182-183. 
8. Gu, Y., J. St-Pierre, R. Goeke, A. Datye, and P. Atanassov, Aging studies of Pt/glassy 
carbon model electrocatalysts. ECS Trans. FIELD Full Journal Title:ECS Transactions, 
2008. 16(2): p. 355-360. 
9. Goeke, R.S. and A.K. Datye, Oxide support modification during Pd particle aging at 
elevated temperatures. Microscopy and Microanalysis, 2008. 14(SUPPL. 2): p. 176-177. 
10. Gabaldon, J.P., M. Bore, and A. Datye, Imaging of gold nanoparticles within mesoporous 
silica supports. Microscopy and Microanalysis, 2008. 14(SUPPL. 2): p. 178-179. 
 
(d)  Synergistic Activities 
 
As director of a NSF/Research Experiences for Undergraduates Site Program, I have organized a 
summer program (since 1995) for students from other universities to spend 10 weeks on campus 
working with researchers at our center.  During the summers of 1999- 2001, we also brought 3 
high school teachers each year into our summer program via the RET (Research Experiences for 
Teachers) program funded by NSF.  As the site director for the NSF/EPSCOR program in 
Nanoscience at UNM, I have helped organize an outreach program that involves workshops 
aimed at high school teachers.  We secured funding from a foundation to provide kits that 
teachers can take back to their classes.  We have developed a new interdisciplinary curriculum in 
Nanoscience and Microsystems, as part of the NSF/IGERT program. 
 
(e)  Collaborators & Other Affiliations 
Collaborators (past 48 months) 
Larry Allard, Jeff Brinker, Neil Coville, Bob Davis, Jim Dumesic, Paul Hansen, Stig Helveg, 
Charles Kappenstein, Karl C. C. Kharas, Matt Neurock, Robert Schløgl, Brent Shanks, John 
Vohs, Yong Wang 
Graduate Advisor 
Robert Lemlich – University of Cincinnati, Johannes Schwank – University of Michigan 
Thesis Advisor and Postgraduate-Scholar Sponsor (past 48 months) 
Travis Conant (Ph.D. – 2008), John Iwaszek (M.S. – 2008), Elise Switzer (Ph.D. – 2008), John 
Gabaldon (M.S. – 2007), Thomas Hansen (Ph.D. – 2006), Ayman Karim (Ph. D. – 2006), Jaime 
Bravo (Ph.D. – 2005), Travis Conant (M.S. – 2005), Marcus Smith (M.S. – 2005), Ganesh 
Vanamu (Ph. D. – 2005), Hugo Zea (Ph.D. – 2005) 
Past Students 
  
Patrick Burton, Andrew DeLaRiva, Ron Goeke, Levi Houk, Maria Leyva, Eric Petersen 
Current Students 
 
Siva Challa, Barr Halevi, Vanessa Lebarbier, Hien Pham 
Current Postdoctoral Associates 
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ROBERT J. DAVIS 
Professor and Chair, Department of Chemical Engineering 
University of Virginia 
102 Engineers’ Way, Charlottesville, VA 22904-4741 
(434) 924-6284 / (434) 982-2658 (fax) / rjd4f@virginia.edu 
 
(a)  Professional Preparation 
Virginia Tech Chemical Engineering B.S., 1985 
Stanford University Chemical Engineering M.S., 1987 
Stanford University Chemical Engineering Ph.D., 1989 
University of Namur, Belgium Chemistry Postdoc, 1989-1990 
 
(b)  Appointments 
2002 – Present Professor and Chair, Chemical Engineering, University of Virginia 
1996-2002 Associate Professor, Chemical Engineering, University of Virginia 
1990-1996 Assistant Professor, Chemical Engineering, University of Virginia 
 
(c)  Publications  
1. E.P. Maris and R.J. Davis, “Hydrogenolysis of Glycerol over Carbon-supported Ru and Pt 
Catalysts,” J. Catal. 249 (2007) 328-337. 
2. W.C. Ketchie, Y.-L. Fang, M.S. Wong, M. Murayama, and R.J. Davis, “Influence of Gold 
Particle Size on the Aqueous-Phase Oxidation of Carbon Monoxide and Glycerol,” J. Catal. 
250 (2007) 94-101. 
3. W.C. Ketchie, M. Murayama, and R.J. Davis, “Selective Oxidation of Glycerol over Carbon-
supported AuPd Catalysts,” J. Catal. 250 (2007) 264-273. 
4. E.P. Maris, W.C. Ketchie, M. Murayama, and R.J. Davis, “Glycerol Hydrogenolysis on 
Carbon-supported PtRu and AuRu Bimetallic Catalysts,” J. Catal. 251 (2007) 281-294. 
5. W.C. Ketchie, E.P. Maris, and R.J. Davis, “In-situ X-ray Absorption Spectroscopy of 
Supported Ru Catalysts in the Aqueous Phase,” Chem. Mater. 19 (2007) 3406-3411. 
6. W.C. Ketchie, M. Murayama and R.J. Davis, “Promotional Effect of Hydroxyl on the 
Aqueous Phase Oxidation of Carbon Monoxide and Glycerol over Supported Au Catalysts,” 
Topics in Catalysis 44 (2007) 307-317. 
7. E.P. Maris, W.C. Ketchie, V. Oleshko and R.J. Davis, “Metal Particle Growth during 
Glucose Hydrogenation over Ru/SiO2 Evaluated by X-Ray Absorption Spectroscopy and 
Electron Microscopy,” J. Phys. Chem. B 110 (2006) 7869-7876. 
8. Y. Ji, S. Jain, and R.J. Davis, “Investigation of Pd Leaching from Supported Pd Catalysts 
during the Heck Reaction,” J. Phys. Chem. 109 (2005) 17232-17238. 
9. J.T. Calla and R.J. Davis, “The Influence of Dihydrogen and Water Vapor on the Kinetics of 
CO Oxidation over Au/Al2O3,” I&EC Res. 44 (2005) 5403-5410. 
10. J.T. Calla and R.J. Davis, "Investigation of Alumina-Supported Au Catalyst for CO 
Oxidation by Isotopic Transient Analysis and X-ray Absorption Spectroscopy," J. Phys. 
Chem. B, 109 (2005) 2307-2314. 
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(d)  Synergistic Activities 
President of Southeastern Catalysis Society, 2003-2005. 
Chair of Gordon Conference on Catalysis, 2006. 
Chair of Catalysis Programming of the AIChE, 2002-03 and Director of Catalysis and Reaction 
Engineering Division of AICHE, 2006-2008. 
Member of the International Advisory Board of the International Conferences on Solid Acid and 
Base Catalysis, 2006-present. 
Chair of US Government panel conducting an international assessment of “Catalysis by 
Nanostructured Materials” 2007-2008. 
 
(e)  Collaborators & Other Affiliations 
Collaborators (past 48 months) 
Pradeep Agrawal Georgia Tech 
Abhaya Datye University of New Mexico 
Mark Davis California Institute of Technology 
James Dumesic University of Wisconsin 
Bruce Gates University of California, Davis 
Chris Jones Georgia Tech 
Harold Kung Northwestern University 
M. Douglas Levan Vanderbilt University 
P.J. Ludovice Georgia Tech 
C.D. Sherrill Georgia Tech 
David Sholl Georgia Tech 
Marcus Weck New York University 
Michael Wong Rice University 
Graduate and Postdoctoral Advisors 
Michel Boudart Stanford University 
Eric Derouane University of Namur 
Thesis Advisor and Postgraduate-Scholar Sponsor (past 48 months) 
Surbhi Jain (Ph.D. – 2008, Anticipated start with Exxon Mobil in 2009), William Ketchie (Ph.D. 
– 2007, UOP), Erin Maris (Ph.D. – 2007, Chevron), Jason Calla (Ph.D. – 2006, Exxon Mobil), 
Michael Janick (Ph.D. – 2006, Penn State University), Dan Lahr (Postdoc – 2006, Shell), Jianren 
Tai (Ph.D. – 2006, Intel), Yaying Ji (Postdoc – 2005, University of Kentucky), Junhui Li (Ph.D. 
– 2005, Cummins), Stacey Siporin (Ph.D. – 2004, Exxon Mobil)  
Past Students 
Total number of graduate students advised and postdocs sponsored = 23. 
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JULIE A. DICKERSON 
Associate Professor, Electrical and Computer Engineering Department 
Iowa State University 
3123 Coover Hall, Ames, IA 50011-3060 
(515) 294-7705 / (515) 294-8432 (fax) / julied@iastate.edu 
 
(a)  Professional Preparation 
University of California, San Diego  Electrical Engineering B.S., 1983 
University of Southern California Electrical Engineering Ph.D., 1993 
 
(b)  Appointments 
2002 – present  Associate Professor, Electrical & Computer Engineering, Iowa State Univ.  
1995 – 2002  Assistant Professor, Electrical & Computer Engineering, Iowa State Univ.  
1994  Research Associate, Electrical Engineering, University of Southern California 
1991 – 1993  Research Assistant, Electrical Engineering, University of Southern California 
1988 – 1991  Senior Staff Engineer, Martin Marietta Space Systems 
1983 – 1990  Member of the Technical Staff, Hughes Aircraft Corporation 
 
(c)  Publications  
1. Fiehn O, Sumner LW, Rhee SY, Ward J, Dickerson J, Lange BM, Lane G, Roessner U, Last 
R, Nikolau B (2007) Minimum reporting standards for plant biology context information in 
metabolomics studies. Metabolomics 3: 195-201. 
2. Xia, T., Dickerson, J.A., OmicsViz: Cytoscape plug-in for visualizing omics data across 
species,” Bioinformatics, 24, 21, 2557-2558, 2008. 
3. Anson Call, Steven Herrnstadt, Eve Wurtele, Diane Bassham, J.A. Dickerson, “MetaBlast! 
Virtual  Cell: A Pedagogical Convergence Between Game Design and Science Education,” 
Journal of Systemics, Cybernetics, and Informatics, 5(5), 27-31, December, 2007. 
4. S.Y. Rhee, J.A. Dickerson, D. Xu, “Bioinformatics and Its Applications in Plant Biology,” 
Annual Review of Plant Biology, 57, 335-359, 2006. 
5. Pan Du*, Jian Gong*, Eve Syrkin Wurtele, and J.A. Dickerson, “Modeling Gene Expression 
Networks using Fuzzy Logic,” Special issue of IEEE Transactions on Systems, Man and 
Cybernetics, Part B, 35(6):1351-1359, 2005. 
6. Yuting Yang*, Levent Engin, Eve Syrkin Wurtele, Carolina Cruz-Neira, J.A. Dickerson, 
“Integration of metabolic networks and gene expression in virtual reality,” Bioinformatics, 
21: 3645-3650. 
7. Lishuang Shen, Jian Gong*, Rico A. Caldo, Dan Nettleton, Dianne Cook, Roger P. Wise, J.A. 
Dickerson, “Barleybase – An Expression Profiling Database For Plant Genomics,” Nucleic 
Acids Research, 33(suppl-1): D614-618, 2004. 
8. Tang*, L. Shen, J.A. Dickerson, “BarleyExpress: a web-based submission tool for enriched 
microarray database annotations,” Bioinformatics, 21(3): 399-401, 2005 (pub early access 
September, 2004). 
9. Timothy A. Close, Steve Wanamaker, Rico A. Caldo, Stacy M. Turner, Daniel A. Ashlock, 
Julie A. Dickerson, Rod A. Wing, Gary J. Muehlbauer, Andris Kleinhofs, and Roger P. Wise, 
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“Update on Microarrays for the Triticeae: Global Expression Profiling in Cereals: 22K Barley 
GeneChip Comes of Age,” Plant Physiology, March 2004, Vol. 134, pp. 960-968. 
10. E. S. Wurtele, J. Li, L. Diao, H. Zhang, C. Foster, B. Fatland, J. A. Dickerson, A. Brown, Z. 
Cox, D. Cook, E.-K. Lee, and H. Hofmann, “MetNet: software to build & model the bio-
genetic lattice of Arabidopsis,” Comparative & Functional Genomics, Vol. 4, 239-245, 2003. 
 
(d)  Synergistic Activities  
Interdisciplinary Training in Bioinformatics: Mentored fourteen IGERT fellows in lab rotations 
for computational biology, four students were female; seven were domestic students. 
Mentored high school interns in computational biology, both students were female. 
Curriculum Development: Developed a new course on Systems Biology for the graduate program 
in Bioinformatics. Developed new sophomore-level course in signals and systems with labs 
featuring problems in computational biology. 
Mentoring of underrepresented undergraduate students: Mentored two female, minority students 
(Alicia Guidry and Machele Lugo) Bioinformatics and Computational Biology NSF/NIH 
Summer Institute, 2005. Ms. Guidry is a MS student in CS at Texas A&M. Rien Beall, 
minority student for a project on graph-based clustering 2006. Mr. Beall is now a MS 
student at ISU. 
Biology Education, grades 6-12: Developing the Meta!Blast video game for teaching plant cell 
biology and metabolism to middle and high school students. Meta!Blast features accurate 
models of cellular organelles and proteins from recent imaging studies and the protein 
databank (PDB).  
Organization of Workshops or Special Courses (last 3 years): NIH/NSF Bioinformatics Summer 
Institute (2006-Present); 18th Annual GFST Symposium: Systems Biology: Integrative, 
Comparative, and Multi-Scale Modeling (2009). 
 
(e)  Collaborators & Other Affiliations  
Collaborators (past 48 months) 
D. Ashlock Guelph Univ. 
D. Berleant, Univ. Arkansas 
G. Cramer Univ. Nevada Reno 
C. Cruz-Neira Univ. of Louisiana 
O. Feihn UC Davis 
A. Fennell South Dakota State Univ. 
R. Gonzalez Rice 
D. Marshall Scottish Crop Res. Institute 
D Reiners Univ. of Louisiana 
SY Rhee The Carnegie Institute 
K.Y. San Rice 
D. Xu Univ. of Missouri-Columbia 
R. Welti Kansas State Univ. 
Graduate and Postdoctoral Advisors  
Bart Kosko, Univ. of Southern California, Petros Ioaunnou, Univ. of Southern California 
Thesis Advisor and Postgraduate-Scholar Sponsor (past 48 months) 
Sudhansu Dash (Iowa State Univ.), Pan Du (Northwestern Univ.), Joset Etzel (Univ. Medical 
Center Groningen, Netherlands, Caltec), Xiaopeng Fang (Cummings), Shubha Kher (Arkansas 
State Univ.), Linyong Mao (Iowa State Univ.), Yuting Yang (Intel) 
Past Students 
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JAMES A. DUMESIC 
Steenbock Professor and Chair, Department of Chemical Engineering 
University of Wisconsin, Madison 
3014 Engineering Hall, Madison, WI 53706 
(608) 262-1095 / (608) 262-5434 (fax) / dumesic@engr.wisc.edu 
 
(a)  Professional Preparation 
University of Wisconsin Chemical Engineering B.S., 1971 
Stanford University Chemical Engineering M.S., 1972 
Stanford University Chemical Engineering Ph.D., 1974 
 
(b)  Appointments 
1996 – present   Steenbock Professor, Chemical Engineering Department, University of 
Wisconsin (UW) – Madison 
1998 – 2000 Chair, Chemical Engineering Department, UW – Madison 
1989 – 1996  Milton and Maude Shoemaker Professor, UW – Madison 
1993 – 1995 Chair, Chemical Engineering Department, UW – Madison 
1992 Acting Chair, Chemical Engineering Department, UW – Madison 
1989 – 1992   Associate Chair, Chemical Engineering Department, UW – Madison 
1982 – 1988 Professor, Chemical Engineering, UW – Madison 
1979 – 1982   Associate Professor, Chemical Engineering, UW – Madison 
1976 – 1979   Assistant Professor, Chemical Engineering, UW – Madison 
 
(c)  Publications 
1. Hydrogen from Catalytic Reforming of Biomass-Derived Hydrocarbons in Liquid Water, 
Nature 418, 964 (2002), R. D. Cortright, R. R. Davda, and J. A. Dumesic. 
2. Raney Ni-Sn catalyst for H2 Production from biomass-derived hydrocarbons, Science 300, 
2075 (2003), G. W. Huber, J. W. Shabaker, and J. A. Dumesic. 
3. Renewable Alkanes by Aqueous-Phase Reforming of Biomass-Derived Oxygenates, 
Angewandte Chemie International Edition 43, 1549 (2004), G. W. Huber, R. D. Cortright, 
and J. A. Dumesic. 
4. An Overview of Aqueous-phase Catalytic Processes for Production of Hydrogen and Alkanes 
in a Biorefinery, Catalysis Today 111, 119 (2006), with G. W. Huber. 
5. Glycerol as a Source for Fuels and Chemicals by Low-temperature Catalytic Processing, 
Angewandte Chemie International Edition 45, 3982 (2006), with R. R. Soares and D. A. 
Simonetti. 
6. Production of hydroxymethylfurfural from fructose in a biphasic system using aqueous and 
organic phase modifiers, Science 312, 1933 (2006), with Y. Román-Leshkov and J. N. 
Chheda. 
7. Production of 2,5-dimethylfuran from biomass-derived carbohydrates for liquid 
transportation fuels, Nature 447, 982 (2007), with Y. Román-Leshkov, C. J. Barrett, and Z. 
Y. Liu. 
8. Coupling of glycerol processing with Fischer-Tropsch synthesis for production of liquid 
fuels, Green Chemistry 9, 1073 (2007), with D. A. Simonetti, J. Rass-Hansen, E. L. Kunkes, 
and R. R. Soares. 
9. Liquid-phase catalytic processing of biomass-derived oxygenated hydrocarbons to fuels and 
chemicals, Angewandte Chemie International Edition 46, 7164 (2007), with J. N. Chheda and 
G. W. Huber. 
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10. Catalytic conversion of biomass to mono-functional hydrocarbons and targeted liquid fuel 
classes, Science 322, 417 (2008), with E. L. Kunkes, D. A. Simonetti, R. M. West, J. C. 
Serrano-Ruiz, and C. A. Gaertner. 
 
(d)  Synergistic Activities 
Editorial Boards, Journal of Catalysis, Catalysis Letters, Applied Catalysis, Industrial and 
Engineering Chemistry Research, Chemistry and Sustainability, Energy and Environmental 
Science. 
Development of a demonstration unit (K-12) for the generation of H2 from liquid-phase 
reforming of biomass-derived oxygenated hydrocarbons. 
Co-organizer of NSF Workshop on Catalysis for Biorenewables Conversion. 
Co-founder of a company (Virent Energy Systems) dealing with the generation of energy from 
renewable resources. 
 
(e)  Collaborators & Other Affiliations 
Collaborators (past 48 months) 
M. Barteau, Delaware 
Doug Buttrey, Delaware 
Jingguang Chen, Delaware 
R. D. Cortright, Virent 
Abhaya Datye, New Mexico 
Bob Davis, Virginia 
Tim Donohue, Bioenergy Research Center 
George Huber, Massachusetts 
Phil Kersten, Forest Products Lab 
R. J. Madon, BASF 
M. Mavrikakis, Wisconsin 
Matt Neurock, Virginia 
J. K. Nørskov, Danish Tech. Univ. 
Brent Shanks, Iowa State 
Graduate Advisor 
Michel Boudart, Stanford University 
Thesis Advisor and Postgraduate-Scholar Sponsor (past 48 months) 
Rafael Alcala (BP), Chris Barrett (General Foods), Juben Chheda (Shell Global Solutions), 
Rupali Davda (GE Plastics), Amit Gokhale (BP), Rong He (Chevron), George Huber (Univ. of 
Massachusetts), Shampa Kandoi (United Technologies), Yuriy Roman-Leshkov (MIT), John 
Shabaker (BP), Dante Simonetti (Berkeley), Ricardo Soares (Universidade de Uberlândia) 
Past Students 
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JILL EUKEN 
Deputy Director, Bioeconomy Institute 
Industrial Collaboration & Innovation Director, CBiRC 
Iowa State University 
53020 Hitchcock Avenue, Lewis, IA 51544 
(712) 769-2600 / (712) 769-2610 (fax) / jeuken@iastate.edu 
 
(a)  Education 
Iowa State University Family and Consumer Sciences B.S., 1976 
Iowa State University Family and Consumer Sciences M.S., 1979 
 
(b)  Appointments 
2008 – present  Industrial Collaboration & Innovation Director, NSF Engineering 
   Research Center for Biorenewable Chemicals, Iowa State University 
2005 – present  Deputy Director, Bioeconomy Institute, Iowa State University 
 
(c)  Publications 
       None 
 
(d)  Synergistic Activities 
Coordinator, Industry Advisory Committee, Biocomplexity in the Bioeconomy, National Science 
Foundation, $1.85M, PI: Rob Anex, Iowa State University. 
Coordinator, Industry Advisory Committee, Integrated Feedstock Supply Systems for Corn 
Stover Biomass, U.S. Department of Energy, $2M, PI: Rob Anex, Iowa State University. 
Coordinator, Industry Advisory Committee, Environmental Enhancement Through Corn Stover 
Utilization, U.S. Department of Agriculture, $1.85M, PI:  Robert Brown, Iowa State 
Universtiy. 
 
(e)  Collaborators & Other Affiliations 
Collaborators (past 48 months) 
Birrell, Stuart Iowa State University 
Brown, Robert C. Iowa State University 
Brumm, Thomas Iowa State University 
Colletti, Joseph Iowa State University 
Coors, James University of Wisconsin 
Cruse, Richard Iowa State University 
Darr, Matt Iowa State University 
Duffy, Michael Iowa State University 
Fales, Steven Iowa State University 
Hinrichs, Clare Penn State University 
Lynd, Lee Dartmouth College 
Marshall, Liz World Resources Institute 
Moore, Kenneth J. Iowa State University 
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Muck, Richard University of Wisconsin 
Pirog, Rich Iowa State University 
Raman, Dave “Raj” Iowa State University 
Richard, Thomas Penn State University 
Scott, Paul USDA ARS 
Shinners, Kevin University of Wisconsin 
Van Ouwerkerk, Edward Iowa State University 
 
CBiRC First Annual Report
Volume II 104
RAMON GONZALEZ 
Assistant Professor, Bioengineering Department 
Rice University 
B232 Abercrombie Lab, Houston, TX 77251-1892 
(713) 348-4893 / (713) 348-5478 (fax) / ramon.gonzalez@rice.edu 
  
(a)  Professional Preparation 
Central University of Las Villas, 
Cuba 
Chemical Engineering B.S., 1993 
Catholic University of Valparaiso, 
Chile 
University of Chile 
Biochemical Engineering 
 
Chemical Engineering 
M.S., 1999 
 
Ph.D., 2001 
University of Florida Microbiology & Cell Science Postdoc, 2001 – 2002  
 
(b)  Appointments 
2007 – present Assistant Professor, Bioengineering, Rice University 
2005 – present William W. Akers Assistant Professor, Chemical & Biomolecular 
Engineering, Rice University 
2002 – 2005 Assistant Professor, Chemical & Biological Engineering and Food 
Science & Human Nutrition, Iowa State University 
1993 – 1996 Research Associate and Lecturer, Center for Processes Analysis, 
Chemical Engineering, Central University of Las Villas, Cuba 
1994 - 1995 Process Engineer, Marcelo Salado Sugar Mill (formerly Reforma Sugar 
Mill), Cuba 
 
(c)  Publications 
1.  Durnin, G., Clomburg, J., Yeates, Z., Alvarez, P.J.J., Zygourakis, Campbell, P., and 
Gonzalez, R. (2009). Understanding and harnessing the microaerobic metabolism of 
glycerol in Escherichia coli. Biotechnol. Bioeng. (In Press, DOI: 10.1002/bit.22246). 
2.  Yazdani, S. S., and Gonzalez, R. (2008). Engineering Escherichia coli for the efficient 
      conversion of glycerol to ethanol and co-products. Metab. Eng. 10 (6): 340-351. 
3.  Gonzalez, R. Murarka. A., Dharmadi, Y., and Yazdani, S. S. (2008). A New Model for the 
Anaerobic Fermentation of Glycerol in Enteric Bacteria: Trunk and Auxiliary Pathways in 
Escherichia coli. Metab. Eng. 10 (5): 234-245. 
4.  Murarka. A., Dharmadi, Y., Yazdani, S. S., and Gonzalez, R. (2008). Fermentative 
Utilizationof Glycerol in Escherichia coli and its Implications for the Production of Fuels and 
Chemicals. App. Environ. Microbiol. 74 (4): 1124-1135. 
5.  Yazdani. S. S. and Gonzalez, R. (2007). Anaerobic Fermentation of Glycerol: A Path to 
Economic Viability for the Biofuels Industry. Curr. Opin. Biotechnol. 18 (3): 213-219. 
6.  Dharmadi, Y., Murarka, A., and Gonzalez, R., (2006). Anaerobic Fermentation of Glycerol 
by Escherichia coli: A New Platform for Metabolic Engineering. Biotechnol. Bioeng. 94 (5): 
821-829. 
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7.  Rollins, D., Zhai, D., Joe, A. L., Guidarelli, J. W., Murarka, A., and Gonzalez, R. (2006). A 
Novel Data Mining Method to Identify Assay-Specific Signatures in Functional Genomic 
Studies. BMC Bioinformatics 7 (1): 377. 
8.  Dharmadi, Y., and R. Gonzalez. (2005). A Better Global Resolution Function and a Novel 
Iterative Stochastic Search Method for Optimization of HPLC Separation. J. Chromatogr. A. 
1070: 89-101. 
9.  Dharmadi, Y., and R. Gonzalez. (2004). DNA Microarrays: Experimental Issues, Data 
Analysis, and Application to Bacterial Systems. Biotechnol. Prog. 20 (5): 1309-1324. 
10.  Gonzalez, R., H. Tao, J. E. Purvis, K.T. Shanmugam, S.W. York, and L.O. Ingram. (2003). 
Changes in Gene Expression Associated with Increased Ethanol Tolerance in 
Ethanologenic Strains of Escherichia coli. Biotechnol. Prog. 19 (2): 612-623. 
 
(d)  Synergistic Activities 
Editorial Board: Food Biotechnology. 
Organized and Chaired Sessions on Metabolic Engineering for Biofuels/Biorenewables in 
AIChE, ACS, and Rice’s Institute for Biosystems and Bioengineering meetings. 
Organized and Co-Chaired “Microbial Science and Technology” session, Symposium on 
Biotechnology for Fuels and Chemicals, San Francisco, CA, 2009. 
 Session Chair: “Rational design in Metabolic Engineering" Session in the Metabolic 
Engineering V Conference, Lake Tahoe, CA, 2004. 
Co-organizer of a conference on “Biomass to Chemicals and Fuels: Science, Technology 
and Public Policy” in collaboration with Rice’s Baker Institute for public policy. 
 
(e)  Collaborators & Other Affiliations 
Collaborators (last 48 months) 
Fernando Acevedo, Catholic University of Valparaiso, Chile  
Juan A. Asenjo, University of Chile 
Monica Lamn, Iowa State University 
Derrick Rollins, Iowa State University 
Ka-Yiu San, Rice University 
Jacqueline V. Shanks, Iowa State University 
Graduate Advisors 
Prof. J. C. Gentina, Catholic University of Valparaiso (M.S.) 
Prof. Juan A. Asenjo & B. A. Andrews, University of Chile (Ph.D.) 
Prof. Lonnie O. Ingram, University of Florida (Postdoc) 
Thesis Advisor and Postgraduate-Scholar Sponsor (last 48 months) 
A. Cintolesi, C. Dellomonaco, Y. Dharmadi, G. Durnin, A. Gupta, A. Murarka, J. Park, V. Rigou, 
M. Rodriguez-Moya, R. San 
Graduate Students 
 
S. Mazumdar, S. Yazdani 
Postdoctoral Associates 
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LAURA R. JARBOE 
Assistant Professor, Chemical & Biological Engineering Department 
Iowa State University 
3051 Sweeney Hall, Ames, IA 50011-2230 
(515) 294-2319 / (515) 294-2689 / ljarboe@iastate.edu 
 
(a)  Professional Preparation 
University of Kentucky Chemical Engineering B.S., 2000 
University of California, LA  
University of Florida 
Chemical & Biomolecular Engineering 
Department of Microbiology & Cell 
Science 
Ph.D., 2006 
Postdoc, 2006 – 08  
 
(b)  Appointments 
2008 – present Assistant Professor, Chemical & Biological Engineering, Iowa State 
University 
 
(c)  Publications 
1. Miller, E.N., L.R. Jarboe, L.P. Yomano, S.W. York, K.T. Shanmugam, L.O. Ingram 
(submitted). 2008.  Silencing of NADPH-dependent Oxidoreductases (yqhD and dkgA) in 
Furfural-Resistant Ethanologenic Escherichia coli. AEM.   
2. Zhang, X., K. Jantama, J.C. Moore, L. Jarboe, K.T. Shanmugam, L.O. Ingram (submitted) 
2008.  Metabolic Evolution of energy-conserving pathways for succinate production in 
Escherichia coli. 
3. Jarboe, L.R.*, D.R. Hyduke*, L.M. Tran, K.J.Y Chou and J.C. Liao. 2008. Determination of 
the Escherichia coli S-nitrosoglutathione response network using integrated biochemical and 
systems analysis. Journal of Biological Chemistry 283(8):5148-5157. 
4. Luli, G.W., L.R. Jarboe, L.O. Ingram.  2008.  “The development of ethanologenic bacteria for 
fuel ethanol production.”  Bioenergy. 129-137. 
5. Jarboe, L.R., K.T. Shanmugam, L.O. Ingram. 2007.  “Ethanol” Encyclopedia of 
Microbiology (3rd Ed) Ed. D. Majumder-Russell. Elsevier. 
6. Jarboe, L.R., T.B. Grabar, L.P. Yomano, K.T. Shanmugam L.O. Ingram. 2007.  
“Development of Ethanologenic Bacteria” Advances in Biochemical Engineering: Biofuels.  
Ed. L. Olsson. Springer. 
7. Hyduke, D.R*., L.R. Jarboe*, L.M. Tran, K.C. Chou and J.C. Liao. 2007. “Integrated 
network analysis identifies nitric oxide response networks and dihydroxyacid dehydratase as 
a crucial target in Escherichia coli” PNAS 104(20):8484-8489. 
*co-first authors. 
8. Zhou, B., D. Beckwith, L.R. Jarboe and J.C. Liao. 2005. Markov Chain Modeling of 
Pyelonephritis-Associated Pili Expression in Uropathogenic Escherichia coli. Biophysical 
Journal 88(4):2541-2553. 
9. Jarboe, L.R., D. Beckwith and J.C. Liao. 2004.  Stochastic Modeling of the Phase-Variable 
pap Operon Regulation in Uropathogenic Escherichia coli.  Biotechnology and 
Bioengineering 88(2):189-203. 
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(d)  Synergistic Activities 
Advisor for the Chemical Engineering Honor Society Omega Chi Epilson at Iowa State 
University 2008. 
 
(e)  Collaborators & Other Affiliations 
Collaborators (past 48 months) 
Jeff Bernstein, Merck 
D. Bhattacharya, University of Kentucky 
Timothy Bigelow, Iowa State University 
Katherine C. Chou, University of California, Los Angeles 
Nancy DaSilva, UC Irvine 
Julie Dickerson, Iowa State University 
Ramon Gonzalez, Rice University 
Tammy Grabar, BioEnergy 
Daniel Hyduke, Stanford 
Reid C. Johnson, University of California, Los Angeles 
Joshua Kahn, Amgen 
Katy Kao, Texas A&M 
Greg Luli, Verenium 
Elliot Miller, University of Florida 
Ka-Yiu San, Rice University 
Brent Shanks, Iowa State University 
Jackie Shanks, Iowa State University  
K.T. Shanmugam, University of Florida  
Michelle Soupir, Iowa State University 
Linh Tran, Rosetta 
Wilson Wong, University of California, San Francisco 
Xueli Zhang, University of Florida 
 
Graduate Advisor 
James C. Liao, University of California, Los Angeles 
Lonnie O. Ingram, University of Florida 
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GEORGE A. KRAUS 
University Professor, Chemistry Department 
Iowa State University 
2759 Gilman Hall, Ames, IA 50011-3111 
(515) 294-7794 / (515) 294-0105 (fax) / gakraus@iastate.edu 
 
(a)  Professional Preparation 
University of Rochester        Chemistry                       B.S., 1972 
Columbia University (G. Stork)       Chemistry                       Ph.D., 1976 
 
(b)  Appointments 
2004 – present    University Professor, Chemistry, Iowa State University 
1993 – 1999    Chair, Chemistry Department, Iowa State University 
1986 – 2004    Professor, Chemistry, Iowa State University 
1981 – 1986    Associate Professor, Chemistry, Iowa State University 
1976 – 1981    Assistant Professor, Chemistry, Iowa State University 
 
(c)  Publications  
1. G. A. Kraus, T.  Nugyen, I. Jeon  “Synthesis of the Core Bicyclic System of Hyperforin and 
Nemorosone II”, Tetrahedron Lett, 2003, 44, 659. 
2. G. A. Kraus, I. Kim  “A Synthetic Approach to Malibatol A”, Org. Lett, 2003, 5, 1191. 
3. G. A. Kraus, N. Zhang  “A Direct Synthesis of Denbinobin”, Tetrahedron Lett, 2002, 43, 
9597. 
4. G. A. Kraus, X. Wang  “An Enantioselective Formal Total Synthesis of Phytuberin”, Synlett, 
1999, 1395. 
5. G. A. Kraus, C. Jones  “The Reaction of Ketone Enolates with a -Oxo Phosphonate:  A 
Carbanion-Based 4+2 Annulation”  Synlett, 2001, 793. 
6. K. J. Stanger, J. W. Wiench, M. Pruski, J. H. Espenson, G. A. Kraus, R. J. Angelici  
“Catalytic oxidation of a thioether and dibenzothiophenes using an oxorhenium(V) dithiolate 
complex tethered on silica” Journal of Molecular Catalysis A, 2006, 243, 158. 
7. G. A. Kraus, J. Bae, J. Kim “Tandem Diels-Alder/Ene Reactions in Organic Synthesis.  A  
a. Synthesis of Isoligularone”, Synth. Commun., 2006, 2755. 
8. G. A. Kraus, T. Wu "A Concise Synthesis of 5-Demethyl-HKI 0231A and 5-Demethyl-HKI  
a. 0231B", Tetrahedron Letters, 2006, 47, 7801. 
9. G. A. Kraus, J. Kim  “Synthesis of the Tetracyclic Ring System of Cumbiasin Via Tandem 
Radical Cyclizations”, Tetrahedron Letters, 2006, 47, 7797.   
10. G. A. Kraus, I. Jeon  “Use of Allylic Strain to Enforce Stereochemistry.A Direct Synthesis of 
Calamenenes from Hypericum elodeoides”, Organic Letters, 2006, 8, 5315-6316.   
 
(d)  Synergistic Activities 
Assistant director for bio-related activities in the Ames Laboratory, 2004-2007 
Director of the Institute for Physical Research and Technology 
PI of successful DOE grant “Development of A Biobased Graduate Minor” 
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College of Liberal Arts and Sciences Award for Excellence in Research/Artistic Creativity 
(2001) 
Co-PI of NIH Center grant to examine botanical dietary supplements 
 
(e)  Collaborators & Other Affiliations 
Collaborators (last 48 months) 
Dr Victor Lin, Iowa State University 
Dr. Marit Nilsen-Hamilton, Iowa State University 
Dr. Greg Tylka, Iowa State University 
Dr. John Verkade, Iowa State University 
Graduate Advisors  
Gilbert Stork, Columbia University  
Thesis Advisor 
Past Students 
Insik Jeon (Ph.D. – 2007, Columbia University), Sarathy Kesavan (Ph.D. – 2003, Boston 
University), Ikyon Kim (Ph.D. – 2002, Wisconsin), Junwon Kim (Ph.D. – 2003, Johns Hopkins), 
Yeung-Ho Seo (Ph.D. – 2006, Michigan), Jinqiang Wei (Ph.D. – 2006, Broad Institute), G. Dai 
(M.S. – 1999, Glaxo Smith Kline), H. Ogutu (M.S. – 2001, Bayer), Dr. Sudipta Roy (Postdoc 2006 – 
2007), Dr. P.K. Choudhury (Postdoc 1998 – 2002), Dr. Wenge Cui (Postdoc 1999 – 2000), Dr. 
Ragendra Subedi (Postdoc 2000 – 2001) 
 
Current Postdoctoral Associates 
Dr. Yi Yuan 
 
Total number of graduate students advised and postdocs sponsored = 90. 
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RICHARD C. LAROCK 
Distinguished & UniversityProfessor, Chemistry Department 
Iowa State University 
2751 Gilman Hall, Ames, IA 50011-3111 
(515) 294-4660 / (515) 294-0105 / larock@iastate.edu 
  
(a)  Professional Preparation 
University of California, Davis Chemistry B.S., 1967 
Purdue University Chemistry Ph.D., 1972 
Harvard University             Chemistry  Postdoc, 1971 – 1972  
 
(b)  Appointments 
2007 – present Distinguished Professor, Chemistry, Iowa State University 
1999 – 2007  University Professor, Chemistry, Iowa State University 
1985 - 1999 Professor, Chemistry, Iowa State University 
1985 – 1985  Visiting Associate Professor, University of Hawaii 
1978 – 1985  Associate Professor, Chemistry, Iowa State University 
1974 – 1978  Assistant Professor, Chemistry, Iowa State University 
1972 – 1974     Instructor, Chemistry, Iowa State University 
   
(c)  Publications 
1. Lu, Y.; Larock, R. C. “Bio-based Nanocomposites from Corn Oil and Functionalized 
Organoclay Prepared by Cationic Polymerication,” Macromol. Mater. Eng. 2007, 292, 863-
872. 
2. Lu, Y.; Larock, R. C. “New Hybrid Latexes from a Soybean Oil-Based Waterborne 
Polyurethane and Acrylics via Emulsion Polymerization,” Biomacromolecules 2007, 8, 3108-
3114. 
3. Lu, Y.; Larock, R. C. “Fabrication, Morphology and Properties of Soybean Oil-Based 
Composites Reinforced with Continuous Glass Fibers,” Macromol. Mater. Eng. 2007, 292, 
1085-1094. 
4. Henna, P. H.; Andjelkovic, D. D.; Kundu, P. P.; Larock, R. C. “Biobased Thermosets from 
Free Radical Copolymerization of Conjugated Linseed Oil,” J. Appl. Polym. Sci. 2007, 104, 
979-985. 
5. Andjelkovic, D.; Min, B.; Ahn, D.; Larock, R. C. “Elucidation of Structural Isomers from the 
Homogeneous Rhodium-Catalyzed Isomerization of Vegetable Oils,” J. Agric. Food Chem. 
2006, 54, 9535-9543. 
6. Andjelkovic, D. D.; Larock, R. C. “Novel Rubbers from Cationic Copolymerization of 
Soybean Oils and Dicyclopentadiene. 1. Synthesis and Characterization,” Biomacromolecules 
2006, 7, 927-936. 
7. Lu, Y.; Larock, R. C. “Novel Biobased Nanocomposites from Soybean Oil and 
Functionalized Organoclay,” Biomacromolecules 2006, 7, 2692-2700. 
8. Lu, Y.; Larock, R. C. “Corn Oil-Based Composites Reinforced with Continuous Glass Fibers: 
Fabrication and Properties,” J. Appl. Polym. Sci. 2006, 102, 3345-3353. 
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9. Andjelkovic, D. D.; Li, F.; Larock, R. C. “Novel Polymeric Materials from Soybean Oils-
Synthesis, Properties and Potential Applications,” In Feedstocks for the Future: Renewables 
for the Production of Chemicals and Materials, American Chemical Society, book chapter, 
2006, 67-81. 
10. Andjelkovic, D. D.; Valverde, M.; Henna, P.; Li, F.; Larock, R. C. “Novel Thermosets 
Prepared by Cationic Copolymerication of Various Vegetable Oils - Synthesis and Their 
Structure-Property Relationships,” Polymer 2005, 46, 9674-9685. 
 
(d)  Synergistic Activities 
Author of the best-selling book “Comprehensive Organic Transformations,” 2nd ed., 
“Organomercury Compounds in Organic Synthesis” and “Solvomercuration/Demercuration 
Reactions in Organic Synthesis.” 
Editorial Advisory Boards, Journal of Biobased Materials and Bioenergy, and the Open 
Agriculture Journal; Consulting - Cargill; Scientific Advisory Board – Segetis and the 
Brazilian Meeting on Organic Synthesis. 
Awards:  Merck Academic Development Awards (1997 and 1998);  2003 ACS Edward Leete 
Award; 2004 Paul Rylander Award of the Organic Reactions Catalysis Society; 2004 ACS 
Arthur C. Cope Senior Scholar Award. 
 
(e)  Collaborators & Other Affiliations 
Collaborators (past 48 months) 
Daniel W. Armstrong University of Texas at Arlington 
Graduate and Postdoctoral Advisors 
Herbert C. Brown - deceased (Purdue University, Ph.D.); Elias J. Corey (Harvard; Postdoc) 
Thesis Advisor and Postgraduate-Scholar Sponsor (past 48 months) 
Dr. Patit Kundu (6/03 – 7/04), Dr. Gilson Zeni (7/03 – 2/04), Dr. Cristiano Raminelli (6/05 – 5/06),  
Past Students 
Roman Rozhkov (8/98 – 7/04), Dawei Yue (8/99 – 4/04), Qinhua Huang (8/99 – 4/04), Tuanli 
Yao (8/00 – 2/05), Xiaoxia Zhang (8/99 – 12/05), Chengxiang Zhou (8/00 – 5/06), Dejan 
Andjelkovic (8/01 – 8/06), Zhijian Liu (8/01 – 12/06), Jian Zhao (8/01 – 2/07) 
 
Dr. Yongshang Lu (4/05 – present), Dr. Yu Chen (3/07 – present), Dr. Feng Shi (3/07 – present), 
Dr. Chul-Hee Cho (3/07 – present), Dr. Sujata Roy (5/07 – present), Dr. Akhilesh Verma (6/07 – 
present), Dr. Nianqui Wang (9/07 – present), Dr. Sudipta Roy (10/07 – present) 
Current Students 
 
Total number of graduate students advised and postdocs sponsored = 116. 
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ADAH LESHEM-ACKERMAN 
Program Manager, Department of Ecology, Evolutionand Organismal Biology 
Pre-College Education Program Director, NSF Engineering Research Center for Biorenewable 
Chemicals  
Iowa State University 
211 Bessey Hall, Ames, IA 50011-1020 
(515) 294-8453 / (515) 294-3117 / adah@iastate.edu 
  
(a)  Professional Preparation 
King’s College, University of 
London, UK 
Environmental Science B.S., 1980 
University of Cambridge, UK Applied Biology M.S., 1981 
Tel-Aviv University, Israel Environmental Physiology Ph.D., 1989 
 
(b)  Appointments 
2008 – present Pre-College Education Program Director, NSF Engineering Research 
Center for Biorenewable Chemicals, Iowa State University 
2003 – present Program Manager, Pre-College Education Outreach, Iowa State 
University 
2000 – 2002 Adjunct Assistant Professor, Zoology & Genetics, Iowa State University 
1997 – 2002 Program Coordinator, International Institute of Theoretical and Applied 
Physics, Iowa State University 
1995 – 1997 
1986 – 1992 
Advising Coordinator, Biology Program, Iowa State University 
Temporary Assistant Professor, Zoology & Genetics, Iowa State 
University 
 
(c)  Publications 
      None 
 
(d)  Synergistic Activities 
Director, Research Opportunities in Molecular Biology, Biotechnology and Genomics, a summer 
research experience program for middle/high school biology teachers (RET) that includes 
molecular biotechnology and genomics theory and technique training, curriculum and 
instruction development and a six week research component. 
(http://www.plantgenomeoutreach.eeob.iastate.edu) 
Director of Pre-College Education, NSF Engineering Research Center for Biorenewable 
Chemicals. (http://www.cbirc.iastate.edu/precollege.asp) 
Director, Academies Creating Teacher Scientists, for 5th-8th grade physical science teachers at the 
Ames National Laboratory with funding from Department of Energy.  This is a four-week 
content driven, inquiry based professional development program offered during the summer. 
(http://www.scied.science.doe.gov/scied/LSTPD/programs/Ames_TAI.html)  
Coordinator of “Partnerships for Research Education in Plants” in Iowa. This program provides 
genuine research experiences to over 300 high school students in Iowa as well as teachers, 
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while helping scientists to discover the function of previously uncharacterized plant genes. 
(http://www.prep.biotech.vt.edu/index.html) 
Coordinator of “Partnerships for Biological Sciences Education at Iowa State University” which 
provides high school students with a semester long, extracurricular, research experience under 
the mentorship of biological sciences faculty at Iowa State University. 
(http://www.plantgenomeoutreach.eeob.iastate.edu/HSS.htm) 
 
(e)  Collaborators & Other Affiliations 
Collaborators (last 48 months) 
Volker Brendel, Iowa State University 
Dawn Del Carlo, University of Northern Iowa 
Erin Dolan, Virgina Polytechnic Institute and State University 
Basil Nikolau, Iowa State University 
Thomas Peterson, Iowa State University 
Brent Shanks, Iowa State University 
Mack Shelley, Iowa State University 
Laurel Southard, Cornell University 
Jay Staker, Iowa State University 
Dan Voytas, University of Minnesota 
Jeff Weld, University of Northern Iowa 
Jonathan Wendel, Iowa State University 
Steve Whitham, Iowa State University 
Roger Wise, Iowa State University 
Eve Wurtele, Iowa State University 
Graduate Advisor 
Ralph Ackerman, Iowa State University 
Amos Ar, Tel-Aviv University, Israel 
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MATTHEW NEUROCK 
Alice M. & Guy A. Wilson Professor of Engineering, Chemical Engineering Department 
University of Virginia 
102 Engineer’s Way, Chemical Engineering Building, Charlottesville, VA 22904 
(434) 924-6248 / (434) 982-2658 / neurock@Virginia.EDU 
  
(a)  Professional Preparation 
Michigan State University Chemical Engineering B.S., 1986 
University of Delaware Chemical Engineering Ph.D., 1992 
Schuit Institute of Catalysis Chemical Engineering Postdoc, 1992 - 1993  
 
(b)  Appointments 
2005 – present  Alice M. & Guy A. Wilson Professor of Engineering, University of Virginia 
2003 – present  Professor of Chemical Engineering, University of Virginia 
2003 – present Professor of Chemistry, University of Virginia 
2000 – 2003  Associate Professor of Chemical Engineering, University of Virginia 
2002 Technical Advisory Board for Heterogeneous Metathesis Catalysis, Dow 
 Chemical Company 
2001 – present  Editorial Board, Catalysis Communications 
2001 – present Board of Visitors, Department of Chemical Engineering, Michigan State Univ. 
1995 – 1999 Assistant Professor of Chemical Engineering 
1993 – 1995  Visiting Research Scientist, DuPont Central Research and Development,  
  Corporate Catalysis Center, Experimental Station, Wilmington, DE. 
1993 – 1995 Visiting Research Engineer, Department of Chemical Engineering, 
 University of Delaware, Newark DE. 
 
(c)  Publications 
1. Neurock, M., M. Janik, and A. Wieckowski, A First Principles Comparison of the Mechanism 
and Site Requirements for the Electrocatalytic Oxidation of Methanol and Formic Acid over 
Pt, Farad. Trans., accepted, 2008. 
2. Taylor, C.D., R.G. Kelly, and M. Neurock, First-principles predictions of equilibrium 
potentials for the electrochemical activation of water by a series of transition and precious 
metals, J. Electro. Soc., 154 (12): F217-F221 2007.  
3. Janik, M.J., C.D. Taylor, and M. Neurock, “First Principles Analysis of the Electrocatalytic 
Oxidation of Methanol and Carbon Monoxide”, Topics in Catal., 46, 306-319, 2007. 
4. Janik, M.J., and M. Neurock, “A first principles analysis of the electro-oxidation of CO over 
Pt (111)”, Electrochemica Acta, 52, 18, 2007, Pages 5517-5528. 
5. Taylor, C.D., R.G. Kelly, and M. Neurock, “First-Principles Analysis of the Electronic 
Interactions between Hydroxyl and Copper at the Electrochemical Interface”, J. Electroanal. 
Chem., 607 (1-2): 167-174, 2007. 
6. Taylor, C.D., R.G. Kelly, and M. Neurock," Theoretical analysis of the nature of hydrogen at 
the electrochemical interface between water and a Ni(111) single-crystal electrode”, J. 
Electrochem. Soc., 154 (3): F55-F64 2007. 
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7. Rossmeisl, J., J. Norskov, C. D. Taylor, M.J. Janik, and M. Neurock, “Calculated phase 
diagrams for the electrochemical oxidation and reduction of water over Pt(111)”, J. Phys. 
Chem. B, 110, 43, 2183-21839, 2006. 
8. Filhol, J. S., and M. Neurock, “First-Principles Elucidation of the Electrochemical Activation 
of Water over Pd”, Angew. Chemie Internation (Frontispiece), 45, 3, 402 – 406 (2005). 
9. Taylor, C.D., S. A. Wasileski, J. Fanjoy, J.S. Filhol, M. Neurock, First Principles Reaction 
Modeling of the Electrochemical Interface: Consideration and Calculation of a Tunable 
Surface Potential from Atomic and Electronic Structure",  Phys. Rev. B, 73, 165402, 2006. 
10. Cao, D., Lu, G,-Q., A. Wieckowski, S.A. Wasileski, and M. Neurock, Mechanisms of 
Methanol Decomposition on Platinum: A Combined Experimental and Ab Initio Approach, J. 
Phys. Chem. B., 109 (23): 11622-11633, 2005. 
 
(d)  Synergistic Activities 
Editor for the Journal of Catalysis. 
Panel Member: International Study by the World Technology Evaluation Center and the   
National Science Foundation, “Catalysis by Nanostructured Materials”. 
Advisory Board, Institute for Interfacial Catalysis, Pacific Northwest Laboratories, 2003- present. 
Director Catalysis and Reaction Engineering (Division 20), AICHE, (November 2003-2007). 
Liaison of the South Eastern Catalysis Society to the North American Catalysis Soc. (2003-2006). 
 
(e)  Collaborators & Other Affiliations 
Collaborators (past 48 months) 
A. Anderson, CWRU  
L. Broadbelt, NWU  
G. Ceder, MIT 
R. J. Davis, UVa  
J. Elam, Argonne 
M. Flytzani, Tufts  
R. Gorte, Penn 
G. Haller, Yale  
H. Kung, NWU 
M. Kung, NWU 
T. Marks, NWU  
N. Marzari, MIT 
J. Nørskov, Tech. Univ.,  
    Denmark 
L. Pfefferle, Yale 
G. Scuseria, Rice 
P. Stair, NWU  
W. Tysoe, UWM 
S. Vajda, Argonne 
R. van Santen, Eindhoven  
     Univ. Tech. 
I. Wachs, Lehigh 
A.Wieckoski, UICU 
M. Wong, Rice 
T. Zawodzinski, CWRU 
Graduate and Postdoctoral Advisors 
Michael T. Klein (Rutgers Univ.), Rutger A. van Saten (Eindhoven Univ. of Tech., Netherlands) 
Thesis Advisor and Postgraduate-Scholar Sponsor (past 48 months) 
Pallassana Venkataraman, Eric Hansen, Sanket Desai (Ph.D., Exxon Mobil), Hongmei Wen (Ph.D., 
United Tech.), Priyam Sheth (Ph.D., Shell Chemical Co.), Michael Janic (Ph.D., PSU), Christopher 
Taylor (Ph.D., LANL), Cheng Ying Lee, Neeti Kapur, Vamsi Vadhri.  Postdocs:  Dr. R. Meyer, Dr. 
Steven Mitchell, Dr. Sally Wasileski, Dr. Qingfeng Ge, Dr. Donghai Mei, Dr. Michael Palmer, Dr. 
Jean Sebastian Filhol, Dr. David Wathall, Dr. Yu Cai, Dr. Michael Janik, Dr. Christopher Taylor, 
Dr. Corneliu Buda, Dr. Jincheng Du 
Past Students 
 
E. Caruana, N. Kapur, N. Sinha, C. Lee, C. Plaisance, V. Vadhri, C. Buda, J. Du, Y. Cai 
Current Students  
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BASIL J. NIKOLAU 
Francis M. Craig Professor, Dept. of Biochemistry, Biophysics & Molecular Biology 
Director, Center of Metabolic Biology 
Director, W.M. Keck Metabolomics Research Laboratory 
Deputy Director, NSF Engineering Research Center for Biorenewable Chemicals (CBiRC) 
Iowa State University 
2210 Molecular Biology Building, Ames, IA 50011-3260 
(515) 294-9423 / (515) 294-0453 (fax) / dimmas@iastate.edu 
 
(a)  Education 
Massey University, New Zealand Biochemistry/Chemistry B.S., 1977 
Massey University, New Zealand Biochemistry Ph.D., 1982 
University of California, Davis 
University of Utah 
Biochemistry 
Molecular Biology 
Postdoc, 1982 – 1983 
Postdoc, 1983 – 1985 
 
(b) Appointments 
2008 – present        Deputy Director, NSF Engineering Research Center for Biorenewable                                
Chemicals, Iowa State University 
2007 – present Director, Center of Metabolic Biology, Iowa State University 
2003 – present Director, W.M. Keck Metabolomics Research Laboratory, Iowa State Univ. 
1999 – 2007 Director, Center for Designer Crops, Iowa State University 
1998 – present Professor, Department of Biochemistry, Biophysics and Molecular Biology, 
Iowa State University 
1993 – 1998 Associate Professor, Department of Biochemistry and Biophysics, Iowa State 
University 
1988 – 1993 Assistant Professor, Department of Biochemistry and Biophysics, Iowa State 
University 
1985 – 1988 Senior Scientist, Biotech. Department, Native Plants Inc., Salt Lake City, 
Utah 
 
(c)  Publications 
1. Perera, MADN, Choi S-Y, Wurtele ES, Nikolau BJ.  2009.  Quantitative analysis of short-
chain acyl-Coenzyme-As in plant tissues by an LC-MS-MS electrospray ionization method. 
Journal of Chromatography B.  In press. 
2. Aguilar JA, Diaz-Perez C, Diaz-Perez AL, Rodriguez-Zavala JS, Nikolau BJ, Campos-
Garcia J. 2008. Substrate specificity of the 3-methylcrotonyl coenzyme A (CoA) and 
geranyl-CoA carboxylases from Pseudomonas aeruginosa. Journal Bacteriology. 190: 
4888-4893. 
3. Cha S, Zhang H, Ilarslan HI, Wurtele ES, Brachova L, Nikolau BJ, Yeung ES.  2008.  
Direct profiling and imaging of plant metabolites in intact tissues by using colloidal 
graphite-assisted laser desorption ionization mass spectrometry.  Plant Journal. 55:348-360. 
4. O. Fiehn, G. Wohlgemuth, M. Scholz, T. Kind, D.Y. Lee, Y. Lu, S. Moon, B.J. Nikolau.  
2008. Quality control for plant metabolomics: Reporting MSI-compliant studies. Plant 
Journal. 53: 691-704. 
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5. B.J. Nikolau and E.S., Wurtele (editors).  2007.  Concepts in Plant Metabolomics.  Springer 
Press.  A 21 chapter, 355-page book (ISBN-10: 1-4020-5607-9). 
6. Mentzen WI, Peng J, Ransom N, Nikolau BJ, Wurtele ES.  2008.  Articulation of three core 
metabolic processes in Arabidopsis: fatty acid biosynthesis, leucine catabolism and starch 
metabolism.  BMC Plant Biology. 8: 76. 
7. Nikolau BJ, Perera MA, Brachova L, Shanks B.  2008.  Platform biochemicals for a 
biorenewable chemical industry.  Plant Journal. 54: 536-545. 
8. Muralla R, Chen E, Sweeney C, Gray JA, Dickerman A, Nikolau BJ, and Meinke D. 2008. 
A Bifunctional Locus (BIO3-BIO1) Required for biotin biosynthesis in Arabidopsis. Plant 
Physiology. 146: 60-73.  
9. Sluszny, C., Yeung, E.S., Nikolau, B.J.  2005 In situ probing of the biotic-abiotic boundary 
of plants by laser desorption/ionization time-of-flight mass spectrometry. Journal of the 
American Society of Mass Spectrometry. 16: 107-115. 
10. Fatland, B.L., B.J Nikolau, E.S. Wurtele.  2005. Reverse genetic characterization of cyto-
solic acetyl-CoA generation by ATP-citrate lyase in Arabidopsis.  Plant Cell. 17: 182-203. 
 
(d)  Synergistic Activities 
Member of the scientific program organizing committee of the National Plant Lipid Cooperative 
(NPLC) (http://www.plantlipids.org/NPLC%202003Home.htm).  Organized the 2001 and 
2003 symposia, held biannually in June, at Lake Tahoe, CA.   
Member of the International Advisory Board of the 2nd, 3rd, 4th and 5th International Congress on 
Plant Metabolomics, held 2003, 2004, 2006, and 2008. 
Organizer of the 3rd International Conference on Plant Metabolomics, Ames, IA, June, 2004. 
Co-organizer of the 17th International Symposium on Plant Lipids, July 2006, East Lansing, MI. 
Editor of Concepts in Plant Metabolomics (2007).  A 21-chapter book on plant metabolomics, 
Springer Press (ISBN-10: 1-4020-5607-9). 
 
(e)  Collaborators & Other Affiliations 
Collaborators (past 48 months) 
C. R. Dietrich (Donald Danforth Plant Science Ctr.), B. L. Fatland (ADM), P. S. Schnable (Iowa 
State Univ.), M. D. Yandeau-Nelson (Pennsylvania State Univ.), E. S. Yeung (Iowa State  Univ.) 
Graduate and Postdoctoral Advisors 
Roger Slack (Retired), Clem Hawke (Deceased), Paul K. Stumpf (Deceased), Daniel F. Klessig 
(Boyce Thompson Institute for Plant Research) 
Thesis Advisor and Postgraduate-Scholar Sponsor (past 48 months) 
Dr. Libuse Brachova (Iowa State University), Dr. Vandana Mhaske (Iowa State University), Dr. 
Ludmila Rizshsky (Iowa State University), Dr. Zhihong Song (Iowa State University), Dr. Marna 
Yandeau-Nelson (Iowa State University), Dr. Wenxu Zhou (University of Western Australia), Dr. 
Ann Perera (Iowa State University), Dr. Li Xu (Purdue University) 
Past Students 
 
Total number of graduate students advised and postdocs sponsored = 28. 
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JOSEPH P. NOEL 
Professor/Investigator, Jack H. Skirball Center for Chemical Biology and Proteomics 
The Salk Institute / Howard Hughes Medical Institute 
10010 N. Torrey Pines Rd., La Jolla, CA, 92037 
(858) 453-4100 x1442 / (858) 597-0855 / noel@salk.edu 
 
(a)  Education 
Univ. of Pittsburgh at Johnstown Chemistry B.S., 1985 
Ohio State Univ. Chemistry - Biochemistry Ph.D., 1990 
Yale University Structural Biology Postdoc, 1990 – 1994 
 
(b)  Appointments 
2005 – present Investigator, Howard Hughes Medical Institute 
2005 – present Director, Jack H. Skirball Center for Chemical Biology and 
Proteomics, The Salk Institute for Biological Studies 
2002 – present Professor, The Salk Institute for Biological Studies 
1999 – 2002 Associate Professor, The Salk Institute for Biological Studies 
1994 – 1999 Assistant Professor, The Salk Institute for Biological Studies 
 
(c)  Publications  
1. Starks, C.M., Back, K., Chappell, J., and Noel, J.P. (1997) Structural Basis for Cyclic 
Terpene Biosynthesis by Tobacco 5-Epi-Aristolochene Synthase.  Science 277: 1815-1820. 
2. Ferrer, J.-L., Jez, J.M., Bowman, M.E., Dixon, R.A., and Noel, J.P. (1999) Structure of 
Chalcone Synthase and the Molecular Basis of Plant Polyketide Biosynthesis. Nat. Struct. 
Biol. 6: 775-783. 
3. Jez, J.M., Austin, M.B., Ferrer, J.-L., Bowman, M.E., Schroder, J., and Noel, J.P. (2000) 
Structural control of polyketide formation in plant-specific polyketide synthases. Chem. Biol. 
7: 919-930. 
4. Jez, J.M., Bowman, M.E., and Noel, J.P. (2001) Structure-Guided Programming of 
Polyketide Chain-Length Determination in Chalcone Synthase. Biochemistry 40: 14829-
14838. 
5. Jez, J.M., Bowman, M.E., and Noel, J.P. (2002) Expanding the Biosynthetic Repertoire of 
Plant Type III Polyketide Synthases by Altering Starter Molecule Specificity. Proc. Natl. 
Acad. Sci. USA 99: 5319-5324. 
6. O’Maille, P.E., Tsai, M.-D., Greenhagen, B.T., Chappell, J., and Noel, J.P. (2004) Gene 
library synthesis by structure-based combinatorial protein engineering. Methods Enzymology 
388: 75-91. 
7. Austin, M.B., Bowman, M.E., Ferrer, J.-L., Schröder, J., and Noel, J.P. (2004) An Aldol 
Switch Discovered in Stilbene Synthases Mediates Cyclization Specificity of Type III 
Polyketide Synthases. Chem. Biol. 11: 1179-1194. 
8. Austin, M.B., Izumikawa, M., Bowman, M.E., Udwary, D., Ferrer, J.-L., Moore, B., and 
Noel, J.P. (2004) Crystal Structure of a Bacterial Type III Polyketide Synthase and Enzymatic 
Control of Reactive Polyketide Intermediates.  J. Biol. Chem. 279: 45162-45174. 
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9. Kuzuyama, T., Noel, J.P., and Richard, S.B. (2005) Structural basis for the promiscuous 
biosynthetic prenylation of aromatic natural products. Nature 435: 983-987. 
10. Austin, M.B., Saito, T., Bowman, M.E., Haydock, S., Kato, A., Moore, B.S., Kay, R.R. and 
Noel, J.P. (2006) Biosynthesis of Dictyostelium discoideum differentiation-inducing factor by 
a hybrid type I fatty acid-type III polyketide synthase. Nat. Chem. Biol. 2: 494-502. Epub 
2006 Aug 13. 
 
(d)  Synergistic Activities  
Panel Member Metabolic Biochemistry, FIBR - National Science Foundation. 
Medical Student Course (UCSD) Herbal Remedies, Functional Foods, and Natural Products 
(11th Yr). 
Mentor for Summer High School Students in Laboratory. 
Public Outreach Seminars through Salk's Taste of Discovery Series. 
 
(e)  Collaborators & Other Affiliations  
Collaborators (past 48 months) 
Michael Burkart (UCSD), Joseph Chappell (University of Kentucky), Clint Chapple (Purdue), 
Richard Dixon (Noble Foundation), Natalia Dudareva (Purdue), Lutz Heide (Univ. Tubingen), 
Rob Kay (MRC-Cambridge), Tomohisa Kuzuyama (Univ. Tokyo), Bradley Moore (UCSD), Eran 
Pichersky (Univ. Michigan), Joseph Schroeder (Univ. Freiburg), Vladimir Shulaev (Virginia 
Tech), Brenda Winkel-Shirley (Virginia Tech) 
Graduate and Postdoctoral Advisors  
Ming-Daw Tsai (The Ohio State University, Ph.D. Training), Paul B. Sigler – deceased (Yale 
University, Postdoctoral Training) 
Thesis Advisor and Postgraduate-Scholar Sponsor (past 48 months) 
Erin Bomati (Univ. Marseille), Jean-Luc Ferrer (ESRF), Joseph M. Jez (Danforth), Courtney 
Starks (Washington University), Chloe Zubieta (Stanford), Mark Verdecia (Oregon State Univ.) 
Past Students 
 
Total number of graduate students advised and postdocs sponsored = 23. 
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DAVID J. OLIVER 
Professor, Genetics, Development & Cell Biology  
Iowa State University 
229 Catt Hall, Ames, IA 50011-1301 
(515) 294-4118 / (515) 294-1303 / doliver@iastate.edu 
  
(a)  Professional Preparation 
Syracuse University Biochemistry B.S., 1971 
Syracuse University Botany M.S., 1973 
Cornell University 
Connecticut Ag. Expt. Station 
Plant Physiology Ph.D., 1975 
Postdoc, 1975 – 1976  
 
(b)  Appointments 
1996 – present 
 
2003 – present 
1996 – 2003  
Professor, Department of Genetics, Development & Cell Biology, Iowa 
State University  
Associate Dean of Research , Iowa State University 
Chair, Department of Genetics, Development & Cell Biology, Iowa State 
University 
1989 – 1996  Professor, Biochemistry, University of Idaho 
1984 – 1988  Associate Professor, Biochemistry, University of Idaho 
1979 – 1983  Assistant Professor, Biochemistry, University of Idaho 
1976 – 1979  Scientist, Connecticut Agricultural Experiment Station 
 
(c)  Publications 
1. Ke, J./Behal, RH, Yunker, S., Nikolau, B.J., Wurtele, E.S., and Oliver, D.J. The Role of 
Pyruvate Dehydrogenase and Acetyl-CoA Synthetase in Fatty Acid Synthesis in Developing 
Arabidopsis Seeds. Plant Physiology 123:497-508 (2000). 
2. Nikolau, B.J., Oliver, D.J., Schnable, P.S. and Wurtele, E.S. Molecular Biology of Acetyl -
CoA Metabolism.  Biochem Soc Trans. 28:591-593 (2000). 
3. Behal, R.H., Lin, M. Back, S. and Oliver, D.J. Role of Acetyl-CoA Synthetase in the Leaves 
of Arabidopsis thaliana. Archives of Biochemistry and Biophysics 402 259-267 (2002). 
4. Lin, M. and Oliver, D.J. The Role of Acetyl-CoA Synthetase in Arabidopsis. Plant 
Physiology 147:1822-1829 (2008). 
5. Wei, Y., Lin, M. Oliver, D.J., Schnable, P.S. The Roles of Aldehyde Dehydrogenases 
(ALDHs) in the PDH Bypass of Arabidopsis. BMC Biochemistry (in press 2009). 
6. Oliver, D.J., Nikolau, B.F., Wurtele, E.S. Acetyl-CoA – Life at the Metabolic Nexus, Plant 
Science (in press 2009). 
7. Davletova, S., Rizhsky, L., Liang, H., Shengqiang, Z., Oliver, D.J., Coutu, J., Shulaev, V., 
Schlauch, K., and Mittler R.  “Cross-Compartment Protection” by Cytosolic Ascorbate 
Peroxidase 1 (APX1) During Light Stress in Arabidopsis. The Plant Cell 17:268-281 (2005). 
8. Devi, Rama S., Chen X., Xiang, C., and Oliver, D.J. A Novel High-throughput Genetic 
Screen for Stress-Responsive Mutants of Arabidopsis thaliana Revealed New Loci 
Involving Stress Responses. Plant Journal 47:652-663 (2006). 
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9. Lin, M. and Oliver, D.J. The Role of Acetyl-CoA Synthetase in Arabidopsis. Plant 
Physiology 147:1822-1829 (2008). 
10. Yu, H., Chen, X., Hong, Y.-Y., Wang, Y., Ke, S.-D., Liu, H-Y, Zhu, J-K, Oliver, D.J., and 
Xiang, C-B. Activated Expression of A Homeodomain-START Transcription Factor of 
Arabidopsis Confers Drought Tolerance Associated with Improved Root Architecture and 
Reduced Stomatal Density. Plant Cell 20:1134–1151 (2008). 
 
(d)  Synergistic Activities 
As part of a multidiscipline team at the University of Idaho, I introduced an undergraduate 
course in “Science for Elementary Education Majors” that focused on teaching basic science 
principles, hands on activities, and information to this group and Native American students. 
Co-PI of NSF-EPSCoR program at University of Idaho involved in preparation of grant 
proposal, recruiting new faculty, oversight of biological faculty, interaction with state 
government. 
PI/co-PI of NSF-REU program at Iowa State University on “Agricultural Biotechnology” 
providing summer training for exceptional undergraduate and minority students. 
Panel Manager for USDA Photosynthesis and Respiration Panel. 
First Panel Manager for new competitive USDA Plant Biochemistry panel. 
 
(e)  Collaborators & Other Affiliations 
Collaborators (past 48 months) 
Rachel Amir (Migal, Galilee Technological Center), Per Gardestrom (Lund University) 
Graduate and Postdoctoral Advisors 
Andre T. Jagendorf (Ph.D. Advisor), Israel Zelitch (Postdoctoral Advisor) 
Thesis Advisor and Postgraduate-Scholar Sponsor (past 48 months) 
Stephanie Yunkers (M.S. - Monsanto Corp.) 
Past Students 
Kimberly Falk (Ph.D. - Max-Plank Institute, Jena, Germany) 
Carol Lasko (Postdoc - Faculty, Humboldt State College) 
Cecilia McIntosh (Postdoc - Faculty, East Tennessee State University) 
Changlin Wang (Postdoc - Faculty, Shanghai Jiao Tong University) 
Robert H. Behal (Scientist, Univ. Idaho) 
Chengbin Xiang (Professor, University of Sci. and Tech. – China) 
Naoko Ohtsu (Postdoc – Fellow Riken Center) 
 
Total number of graduate students advised and postdocs sponsored = 36. 
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ERAN PICHERSKY 
Michael M. Martin Collegiate Professor, Molecular, Cellular & Developmental Biology  
University of Michigan 
4103D Natural Science Building, Ann Arbor, MI 48109-1048 
 (734) 936-3522 / (734) 647-0884 (fax) / lelx@umich.edu 
  
(a)  Professional Preparation 
University of California, Berkeley Genetics B.S., 1980 
University of California, Davis Genetics Ph.D. 1984 
Rockefeller University Molecular Biology Post-doc, 1984-1987 
 
(b)  Appointments 
2001 – present 
 
2001 – 2003 
Professor, Department of Molecular, Cellular, and Developmental Biology, 
University of Michigan 
Interim Chair and Chair, MCDB Department, University of Michigan 
2001 Visiting Professor, Hebrew University of Jerusalem, Faculty of Agriculture 
2000 Visiting Alexander von Humboldt Forschungspreistrager and Senior Fulbright 
Scholar, Max-Planck-Institute for Chemical Ecology, Jena, Germany 
1998 – 2001 Professor, Department of Biology, University of Michigan 
1995 – 2000 
 
1993 
 
1992 – 1998 
1986 – 1992 
Associate Chair for Research and Facilities, Biology Department, University of 
Michigan 
Visiting Associate Professor, Institute of Biological Chemistry, 
 Washington State University, Pullman, WA 
Associate Professor, Department of Biology, University of Michigan 
Assistant Professor, Department of Biology, University of Michigan 
 
 
(c)  Publications 
1. Zubieta C, P Koscheski, JR Ross, Y Yang, E Pichersky, J Noel. Structural basis for substrate 
recognition in the salicylic acid carboxyl methyltransferase family. Plant Cell 15:1704-1716 
(2003). 
2. Chen F, JC D’Auria, D Tholl, JR Ross, J Gershenzon, JP Noel, E Pichersky. An Arabidopsis 
thaliana gene for methylsalicylate biosynthesis, identified by a biochemical genomics 
approach, has a role in defense. Plant J 36:577-588 (2003). 
3. Fridman E, Wang J, Iijima Y, JE Froehlich, Gang DR, Ohlrogge J, E Pichersky. Metabolic, 
genomic, and biochemical analyses of glandular trichomes from the wild tomato species 
Lycopersicon hirsutum identify a key enzyme in the biosynthesis of methylketones. Plant Cell 
17:1252-1267 (2005).   
4. Toll D, F Chen, J Petri , J Gershenzon, E Pichersky. Two sesquiterpene synthases are 
responsible for the complex mixture of sesquiterpenes emitted from Arabidopsis flowers. Plant 
J 42:757-771 (2005). 
5. Koeduka T, E Fridman, DR Gang, DG Vassão, BL Jackson, CM Kish, I Orlova, SM 
Spassova, NG Lewis, JP Noel, TJ Baiga, N Dudareva, E Pichersky. Eugenol and isoeugenol, 
charecteristic aromatic constituents of spices, are biosynthesized via reduction of a coniferyl 
alcohol ester. Proc Natl Acad Sci (USA) 103:10128-10133 (2006). 
6. Pichersky E, JP Noel, N Dudareva. Biosynthesis of plant volatiles: Nature’s diversity and 
ingenuity. Science 311:808-811 (2006).  
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7. Pichersky E, N. Dudareva. Scent engineering: Toward the goal of controlling how flowers 
smell. Trends Biotech 25:105-110 (2007). 
8. Davidovich-Rikanati, R, Y Sitrit, Y Tadmor, Y Iijima, N Bilenko, E Bar, B Carmona, N 
Dudai, JE Simon, E Pichersky, E Lewinsohn. Enrichment of tomato flavor by diversion of the 
early plastidial terpenoid pathway. Nature Biotech. 25:899-901 (2007). 
9. Schilmiller AL, RL Last, E Pichersky. Harnessing plant trichome biochemistry for the 
production of useful compounds. Plant J 54:702-711 (2008). 
10. Ben-Israel I, G Yu, M Auldridge, T Nguyen, T Nguyen, I Schauvinhold, JP Noel, E. 
Pichersky, E Fridman. Genetic trnacriptomic and biochemical analyses unravel multiple 
morphological and biochemical factors underlying methylketone biosynthesis in tomato 
trichomes. Submitted.  
 
(d)  Synergistic Activities 
Developed and taught for the last ten years a “project lab” in plant molecular biology and 
biochemistry for undergraduates. 
Interviewed by National Public Radio and numerous other voice and print media outlets 
concerning work on plant aroma biology done in my lab, with many news articles published 
(most recently, in ScienceNews, October 2005). 
Work from my lab, including an interview with me, was featured on PBS’s science program, 
“Secrets of the Sequence”. 
Published an article in the lay science magazine American Scientist on plant volatiles. 
Chaired a Gordon Conference on Plant Volatiles in 2007. 
 
(e)  Collaborators & Other Affiliations 
Collaborators (past 48 months) 
Dr. Natalia Dudareva (Purdue University), Gregg Howe (Michigan State Univ.), Robert Last 
(Michigan State Univ.), Joseph Noel (Salk Institute),Birgit Piechulla (University of Rostock, 
Germany), Steve Rodermel (Iowa State Univ.), Vladimir Shulaev (Virginia Tech), Alexander 
Vainstein (Hebrew University, Israel), David Weiss (Hebrew University, Israel), Shinjiro 
Yamaguchi (RIKEN, Japan) 
Graduate Advisor 
Dr. Leslie Gottlieb (UC Davis-retired), Dr. Anthony Cashmore (U. Penn), Sabbaticals with:  Dr. 
Rodney Croteau (Washington State University), Dr. Efraim Lewinsohn (Newe Yaar Research 
center, Israel), Dr. Jonathan Gershenzon (Max Planck Institute, Jena), Dr. Rod Peakall 
(Australian National University) 
Thesis Advisor and Postgraduate-Scholar Sponsor (past 48 months) 
Graduate students:   Post-docs:   Choong Je Ma 
Past Students  
John D’Auria    Thuong Nguyen Susanna Roeder  
Jeannine Ross   Feng Chen  Goro Taguchi  
Yue Yang    David Gang  Dorothea Tholl  
Adam Schmidt  Eyal Fridman  Marina Varbanova  
Geng Yu   Yoko Iijima   Guodong Wang  
    Mwafaq Ibdah  Jihong Wang 
    Takao Koeduka  Ines Schauvinhold 
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D. RAJ RAMAN, PHD, PE 
Associate Professor, Department of Agricultural & Biosystems Engineering 
University Education Program Director, NSF ERC for Biorenewable Chemicals (CBiRC) 
Associate Director of Educational Programs, Bioeconomy Institute 
Iowa State University 
3222 NSRIC, Ames, IA 50011-3310 
(515) 294-0465 / (515) 294-4250 (fax) / rajraman@iastate.edu  
(a)  Professional Preparation 
Rochester Institute of Technology Electrical Engineering B.S., 1986 
Cornell University Ag. & Biological Engineering Ph.D., 1994 
 
(b)  Appointments 
2008 – present 
 
2006 – present 
University Education Program Director, NSF ERC for Biorenewable 
Chemicals, Iowa State University 
Assoc. Prof., Agricultural & Biosystems Engineering, Iowa State 
University 
2006 – present Assoc. Director of Educational Programs, Bioeconomy Institute 
(formerly Office of Biorenewable Programs), Iowa State University 
2004 – 2005 Interim Head, Biosystems Eng. & Soil Sci. Dept., University of 
Tennessee 
1999 – 2005 Assoc. Professor, Biosystems Engineering, University of Tennessee 
1993 – 1999 Asst. Professor, Biosystems Engineering, University of Tennessee 
 
(c)  Publications 
1. Haney, L. J., J. G. Coors, A. J. Lorenz, D. R. Raman, R. P. Anex, and M. P. Scott. 2008. 
Development of a fluorescence-based method for monitoring glucose catabolism and its 
potential use in a biomass hydrolysis assay. Biotechnology for Biofuels 2008, 1:17 
doi:10.1186/1754-6834-1-17. 
2. Isci, A., J. N. Himmelsbach, J. Strohl, A. L. Pometto III, D. R. Raman, and R. P. Anex. 2008. 
Pilot Scale Fermentation of Aqueous Ammonia Soaked Switchgrass, Applied Biochemistry 
and Biotechnology published online 21 Aug 2008, DOI 10.1007/s12010-008-8235-y. 
3. Isci, A., J. N. Himmelsbach, A. L. Pometto III, D. R. Raman, and R. P. Anex, 2007. Aqueous 
Ammonia Treatment of Switchgrass Followed by Simultaneous Saccharification and 
Fermentation, Applied Biochemistry and Biotechnology. (In press). 
4. Raman, D. R., R. R. Gerhardt, J. B. Wilkerson. 2007. Detecting Insect Flight Sounds in the 
Field: Implications for Acoustical Counting of Mosquitoes. Transactions of the ASABE 
50(4):1481–1485. 
5. Çelen, I, J. R. Buchanan, R. T. Burns, R. B. Robinson, and D. R. Raman. 2007. Reduction of 
Dissolved Reactive Phosphorus from Swine Wastewater via Struvite Precipitation: Influence 
of pH Changes and Mg Addition. Water Research 41(8):1689–1696. 
6. Chun, S., J. Lee, R. Geyer, D. C. White, and D. R. Raman. 2005. Effect of agricultural 
antibiotics on the persistence and transformation of 17β-estradiol in a Sequatchie loam. J. 
Environ. Sci. Health, Part B. B40(5):1-11 
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7. Raman, D. R., E. L. Williams, A. C. Layton, R. T. Burns, J. P. Easter, A. S. Daugherty, M. 
D. Mullen, and G. S. Sayler. 2004. Estrogen content of dairy and swine wastes. 
Environmental Science & Technology 38(13):3567 – 3573. 
8. Mayhew, C. R., D. R. Raman, R. R. Gerhardt, R. T. Burns, and M. S. Younger. 2004. 
Periodic draining reduces mosquito emergence from free-water surface constructed wetlands. 
Transactions of the ASAE 47(2):567 – 573. 
9. Parsons, J. R., J. E. Seat, R. M. Bennett, J. H. Forrester, F. T. Gilliam, C. D. Pionke, D. R. 
Raman, T. H. Scott, W. R. Schleter, F. E. Weber, and D. C. Yoder. 2002. The Engage 
Program: Implementing and assessing a new first year experience at the University of 
Tennessee. Journal of Engineering Education 91(4):441 – 446. 
10. Hawkins, G. L., D. R. Raman, R. T. Burns, R. E. Yoder, and T. L. Cross. 2001. Enhancing 
dairy lagoon performance with high-rate anaerobic digesters. Transactions of the ASAE 
44(6):1825-1831. 
 
(d)  Synergistic Activities 
Director of Graduate Education – Biorenewable Resources & Technology Interdepartmental 
Graduate Program, Iowa State University. 
Lead PI, A Virtual Education Center for Biorenewable Resources: Building Capacity and 
Humanizing Distance-Education. USDA Higher Education Challenge Grant Program (9/06 
– 9/09, $490k joint with University of Kentucky and University of Idaho). 
Developer and Program Lead, Biological Systems Engineering BS Degree Program, ISU. 
Instructor, BRT 501, Fundamentals of Biorenewable Resources (3 cr., S‘07). 
Organizer, Biorenewables Intensive Program to be held on ISU Campus June 2009. 
 
(e)  Collaborators & Other Affiliations 
Collaborators (past 48 months) 
Robert Anex (ISU), Robert Brown (ISU), Thomas Brumm (ISU), John Buchanan (Univ. of 
Tennessee), Robert Burns (ISU), Jim Coors (Univ. of Wisconsin), Czar Crofcheck (Univ. of 
Kentucky), Jill Euken (ISU), Reid Gerhardt (Univ. of Tennessee), Lisa Haney (Syngenta), Brian 
He (Univ. of Idaho), Larry Johnson (ISU), Alice Layton (Univ. of Tennessee), Jaehoon Lee 
(Univ. of Tennessee), Ken Moore (ISU), Michael Mullen (Univ. of Kentucky), Sue Nokes (Univ. 
of Kentucky), Anthony Pometto (ISU), Steven Ricke (Univ. of Arkansas), Bruce Robinson 
(Univ. of Tennessee, Ret.), Gary Sayler (Univ. of Tennessee), Marvin Scott (ISU/USDA ARS), 
Jon VanGerpen (Univ. of Idaho), David White (Univ. of Tennessee), John Wilkerson (Univ. of 
Tennessee), Elizabeth Williams (Central Carolina Comm. College), James Wills (Univ. of TN) 
Graduate Advisor 
Larry P. Walker (Cornell University) 
Thesis Advisor and Postgraduate-Scholar Sponsor (past 48 months) 
Renea Peters, Alexandra Pinto, Gary Hawkins, Catherine Mayhew, Lara Moody, Alex Lowery, Mathew 
Bowling 
Past Students 
Patrick Murphy (PhD), Jasjeet Kaur (MS), Jenni Himmelsbach (MS) 
Current Students 
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PETER J. REILLY 
Anson Marston Distinguished Professor, Chemical & Biological Engineering Department 
Iowa State University 
2031 Sweeney Hall, Ames, IA 50011-2230 
(515) 294-5968 / (515) 294-2689 (fax) / reilly@iastate.edu 
  
(a)  Professional Preparation 
Princeton University Chemistry A.B., 1960 
University of Pennsylvania Chemical Engineering Ph.D., 1964 
 
(b)  Appointments 
2005 – present  Professor, Chemical and Biological Engineering, Iowa State University 
1992 – present Anson Marston Distinguished Professor in Engineering, Iowa State University 
1979–2005 Professor, Chemical Engineering, Iowa State University 
1974–1979 Associate Professor, Chemical Engineering, Iowa State University 
1968–1974 
1964-1968 
Assistant Professor, Chemical Engineering, University of Nebraska-Lincoln 
Research Engineer, E. I. du Pont de Nemours & Company, Deepwater, N.J. 
 
(c)  Publications 
1. Laederach, A., and P. J. Reilly. Protein Recognition of Carbohydrates. Proteins: Struct. 
Funct. Bioinf., 60, 591 (2005). 
2. Mulakala, C., and P. J. Reilly. Hypocrea jecorina (Trichoderma reesei) Cel7A as a 
Molecular Machine: A Docking Study. Proteins: Struct. Funct. Bioinf., 60, 598 (2005). 
3. Mertz, B., R. S. Kuczenski, R. T. Larsen, A. D. Hill, and P. J. Reilly. Phylogenetic Analysis 
of Family 6 Glycoside Hydrolases. Biopolymers, 79, 197 (2005). 
4. Mulakala, C., and P. J. Reilly. Force Calculations in Automated Docking: Enzyme-Substrate 
Interactions in Fusarium oxysporum Cel7B. Proteins: Struct. Funct. Bioinf., 61, 590 (2005). 
5. Mulakala, C., W. Nerinckx, and P. J. Reilly. Docking Studies on Glycoside Hydrolase 
Family 47 Endoplasmic Reticulum α-(1→2)-Mannosidase I to Elucidate the Pathway to the 
Substrate Transition State. Carbohydr. Res., 341, 2233 (2006). 
6. Mulakala, C., W. Nerinckx, and P. J. Reilly. The Fate of β-D-Mannopyranose after Its 
Formation by Endoplasmic Reticulum α-(→2)-Mannosidase I Catalysis. Carbohydr. Res., 
342, 163 (2007). 
7. Mertz, B., A. D. Hill, C. Mulakala, and P. J. Reilly. Automated Docking to Explore Subsite 
Binding by Glycoside Hydrolase Family 6 Cellobiohydrolases and Endoglucanases. Biopoly-
mers, 87, 249 (2007). 
8. Fushinobu, S., B. Mertz, A. D. Hill, M. Hidaka, M. Kitaoka, and P. J. Reilly. Computational 
Analyses of the Conformational Itinerary along the Reaction Pathway of GH94 Cellobiose 
Phosphorylase. Carbohydr. Res., 343, 1023 (2008). 
9. Cantú, D., W. Nerinckx, and P. J. Reilly. Theory and Computation Show That Asp463 Is the 
Catalytic Proton Donor in Human Endoplasmic Reticulum α-1,2-Mannosidase I. Carbohydr. 
Res., 343, 2235 (2008). 
10. Hill, A. D., and P. J. Reilly. Computational Analysis of Glycoside Hydrolase Family 1 
Specificities. Biopolymers, 89, 1021 (2008). 
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(d)  Synergistic Activities 
Speakers’ Bureau member, American Chemical Society, 1984–present (64 sections visited). 
Speakers’ Bureau member, American Institute of Chemical Engineers, 1987–present (27 sections 
visited). 
Advisor, Iowa State University Chapter, Society of Hispanic Professional Engineers, 1986–1992. 
Coordinator, Iowa State University-University of Glasgow Exchange, 1984–2002; Iowa State 
University-Université de Lausanne-Ecole Polytechnique Fédérale de Lausanne Exchange, 
1985–present; chemical engineering portion of the Iowa State University–Monterrey Tec 
exchange, 2004–present. 
Since 1999, eleven different undergraduates have been coauthors of ten of the PI’s refereed 
publications; six of those papers have had undergraduate first authors. 
 
(e)  Collaborators & Other Affiliations 
Collaborators (past 48 months) 
Martin J. Allen Amgen Corp. 
Chase L. Beisel 
Michael K. Dowd 
Clark Ford 
Shinya Fushinobu 
Alfred D. French 
Richard B. Honzatko 
Robert C. Kuczenski 
Robert T. Larsen 
Robert J. Mason 
Wim Nerinckx 
Mark A. Rasmussen 
John F. Scamehorn 
Steven Trabue 
Dennis R. Voelker 
Punjaporn Weschayanwiwat 
California Institute of Technology 
Southern Regional Research Center, USDA 
Iowa State University 
University of Tokyo 
Southern Regional Research Center, USDA 
Iowa State University 
Cornell University 
University of Illinois 
National Jewish Medical and Research Center 
Ghent University 
SarTec Corporation 
University of Oklahoma 
National Swine Research and Information Center, USDA 
National Jewish Medical and Research Center 
Chulalongkorn University 
Graduate Advisor 
Arthur E. Humphrey Retired 
Thesis Advisor and Postgraduate-Scholar Sponsor (past 48 months) 
Christopher L. Aikens 
Past Students 
Self-employed 
Anthony Hill 
Alain Laederach 
Chandrika Mulakala 
Postdoctoral fellow, University of Minnesota 
Postdoctoral fellow, Stanford University 
Postdoctoral fellow, University of Minnesota 
 
 
Total number of graduate students advised and postdocs sponsored = 51. 
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DERRICK K. ROLLINS, SR. 
Assistant Dean, College of Engineeirng 
Iowa State University 
2114 Sweeney Hall, Ames, Iowa 50011 
(515) 294-5516 / (515) 294-2689 / drollins@iastate.edu 
 
(a)  Education 
Kansas University Chemical Engineering B.S., 1979 
Ohio State University Statistics M.S., 1979 
Ohio State University Chemical Engineering M.S., 1987 
Ohio State University Chemical Engineering Ph.D., 1990 
 
(b)  Appointments 
2009 – present Assistant Dean, College of Engineering, Iowa State University 
2007 – present Professor, Chemical & Biological Engineering, and Statistics, Iowa 
State University 
1995 – 2007  
 
1990 – 1995  
Associate Professor, Chemical & Biological Engineering, and 
Statistics, Iowa State University  
Assistant Professor, Chemical & Biological Engineering, and 
Statistics, Iowa State University 
  
(c)  Publications  
1. Zhai, D., D. K. Rollins, and N. Bhandari, "Block-oriented Continuous-time Modeling or 
Nonlinear Systems under Sinusoidal Inputs," the International Journal of Modelling and 
Simulation, 28(2) (2008).  
2. Rollins, D. K. and G. L. Larson, "Estimating a Minimum Set of Physically-Based Dynamic 
Parameters to Enhance Statistical Inference in Block-Oriented Modeling," Computers and 
Chemical Engineering 32 494-502 (2008). 
3.  Rollins, D. K., D. J. Rollins and A. D. Jones, "Spatial-Temporal Semi-empirical Dynamic 
Modeling of  Thermal Gradient CVI Processes," Chemical Engineering Research and Design 
85(A10) 1390-1396 (2007). 
4. Hardjasamudra, A., D. K. Rollins, N. Bhandari, and S. Chin, "Optimal Experimental Design 
for Wiener Systems," Chemical Engineering Communications 194, 656-666 (2007). 
5. Rollins, D. K,  D. Zhai, A. L. Joe, J. W. Guidarelli, and R. Gonzalez, "A Novel Data Mining 
Method to Identify Assay-Specific Signatures in Functional Genomic Studies," BMC 
Bioinformatics, 7, 377 (2006). 
6.  Hulting, S., D. K. Rollins, and N. Bhandari,"Optimal Experimental Design for Human 
Thermoregulatory System Identification," Chemical Engineering Research and Design 
84(A11), 1-10 (2006). 
7.  Zhai, D., H. Wu., N. Bhandari, and D. K. Rollins, "Continuous-Time Hammerstein and 
Wiener Modeling Under Second Order Static Nonlinearity for Periodic Process Signals," 
Computers & Chemical Engineering, 31, 1-12 (2006). 
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8.  Rollins, D. K., L. Pacheco and N. Bhandari, “A Quantitative Measure to Evaluate Competing 
Designs for Non-linear Dynamic Process Identification,” the Canadian Journal of Chemical 
Engineering, 84(4): 459-468 (2006). 
9. Rollins, D. K., N. Bhandari, S. Chin, T. M. Junge, and K. M. Roosa, "Optimal Deterministic 
Transfer Function Modeling In the Presence of Serially Correlated Noise," Chemical 
Engineering Research and Design, 84(A1):9-21 (2006). 
10. Rollins, D. K.,  N. Bhandari, and S. Hulting, “Continuous-time Block-oriented Predictive 
Modeling of the Human Thermoregulatory System,” Chemical Engineering Science, 61, 516-
1527 (2006). 
 
(d)  Synergistic Activities  
Developed and taught three-day short course “Probability and Statistical Inference for Chemical 
Engineering Faculty and Graduate Students.” 
Developed and taught three-day industrial short course “Time Series Methodologies for the 
Process Control Engineer,” at 3M. 
Developed a pioneering non-residential summer enrichment programs in math, physics and 
literature for raising minority ninth (2001), tenth (2002), and eleven (2003) graders in the Des 
Moines School System as part of the ISU Science Bound Program. 
2001 organizing committee and speaker at the NSF workshop: Minority ChE Faculty 2001+: A 
Workshop to Develop Minority Leaders in the ChE Academy. 
Diversity Advisor to the ISU President’s Cabinet since1996. 
 
(e)  Collaborators & Other Affiliations 
Collaborators (past 48 months) 
Eric Brey Illinois Institute of Technology 
Ali Cinar Illinois Institute of Technology 
Frank Doyle University of California, Santa Barbara 
Dale Seborg University of California, Santa Barbara 
Nsarg Vyas BodyMedia, Inc. 
Dale Wesson Florida A&M University 
Graduate Advisor 
Jim Davis (UCLA) 
Thesis Advisor and Postgraduate-Scholar Sponsor (past 48 months) 
Stephanie Loveland (Ph.D. – 2008,  Senior Lecturer, CBE Department,  ISU),  
Past Students 
Swee-teng Chin (Ph.D. – 2007, Dow Chemical Company), William Rodriquez (M.E. – 2006, 
Dow Chemical Company), Gabrielle Larson (M.S. – 2006, Industry), Dongmei Zhai (Co Ph.D. 
ChE/Stat – 2005, Quintiles Pharmaceutical Company), Justin Nguyen (M.S. – 2005, U. S. Census 
Department), Nidhi Bhandari (Postdoc 2002-2004), Nidhi Bhandari (Visiting professor, 2007-
current) 
 
Amanda Bell, Lucas Beverlin, Emanuel Criner, Kaylee Kotz 
Current Students 
 
Total number of graduate students advised and postdocs sponsored = 40. 
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KA-YIU SAN 
E.D. Butch Professor, Bioengineering 
Rice University 
E200K George R. Brown Hall, Houston, TX 77251-1892 
(713) 348-5361 / ksan@rice.edu  
  
(a)  Professional Preparation 
Rice University Chemical Engineering B.S., 1978 
California Institute of Technology Chemical Engineering M.S., 1981 
California Institute of Technology Chemical Engineering Ph.D., 1984 
 
(b)  Appointments 
2004 – present E.D. Butch Professor of Bioengineering, Rice University 
1996 – present Professor, Bioengineering, Rice University 
1996 – present Professor, Chemical Engineering, Rice University 
1990 – 1996 Associate Professor, Chemical Engineering, Rice University 
1984 – 1990 Assistant Professor, Chemical Engineering, Rice University 
 
(c)  Publications 
1. Zhu, J., Shalel Levanon, S., Bennett, G. N., and San, K.-Y., “Effect of the global redox 
sensing/regulation networks on Escherichia coli and metabolic flux distribution based on C-
13 labeling experiments”, Metabolic Engineering, 8:619-27 (2006). 
2. Martínez, I., Zhu, J., Lin, H., Bennett, G.N., San, K.-Y., " Replacing Escherichia coli NAD-
dependent glyceraldehyde 3-phosphate dehydrogenase (GAPDH) with a NADP-dependent 
enzyme from Clostridium acetobutylicum facilitates NADPH dependent pathways, 
Metabolic Engineering, 10(6):352-359 (2008). 
3. Peebles, C.A.M., Gibson, S.I., Shanks, J.V., and San, K.-Y., “Characterization of an ethanol 
inducible promoter system in Catharanthus roseus hairy roots”, Biotechnology Progress, 
23:1258-1260 (2007).  
4. Sánchez, A. M., Bennett, G. N., and San, K.-Y., Novel pathway engineering design of the 
anaerobic central metabolic pathway in Escherichia coli to increase succinate yield and 
productivity, Metabolic Engineering, 7(3):229-239 (2005). 
5. Peercy B.E., Cox, S.J, Shalel-Levanon, S., San, K.-Y., Bennett, G.N., A Kinetic Model of 
Oxygen's Regulation of Cytochrome Oxidase bo3 and Cytochrome Oxidase bd through the 
Sensor/Regulators FNR and Two Component ArcAB in Escherichia coli, Journal of 
Theoretical Biology, 242(3):547-63 (2006).  
6. Zhu, J., Shalel Levanon, S., Bennett, G. N., and San, K.-Y., The YfiD protein contributes to 
the pyruvate formate-lyase flux in an E. coli arcA mutant strain, Biotechnology and 
Bioengineering, 97:138-43 (2007). 
7. Shalel-Levanon, S., San, K.-Y., and Bennett, G. N., Effect of oxygen on the E. coli ArcA and 
FNR regulation systems and metabolic responses, Biotechnology and Bioengineering, 89:556-
64 (2005). 
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8. Wong, M.S., Causey, T.B., Bennett, G.N., and San, K.-Y., “Engineering Poly(3-
hydroxybutyrate-co-3-hydroxyvalerate) Copolymer Composition in  E. coli”, Biotechnology 
and Bioengineering, 99(4):919-28 (2008). 
9. Sánchez, A. M., Bennett, G. N., and San, K.-Y., Batch culture characterization and 
metabolic flux analysis of succinate producing E.  coli strains, Metabolic Engineering, 
8:209–226 (2006). 
10. Peebles, C.A.M., Gibson, S.I., Shanks, J.V., and San, K.-Y., “Long-term maintenance of a 
transgenic Catharanthus roseus hairy root line”, Biotech. Progress, 23(6):1517-1518 (2007). 
(d)  Synergistic Activities 
Co-author of a textbook, "Bioengineering Fundamentals", with Ann Saterbak and Larry V. 
McIntire (Prentice Hall, January 2007). The textbook is intended for sophomore level 
bioengineering introductory course.  The book emphasizes on the quantitative treatment of 
conservation principles using biological systems as examples. 
Involved in teaching a course in biochemical engineering. 
Many strains of bacteria and plasmids constructed in the lab have been sent to colleagues 
throughout the world. 
Currently serve on the editorial board of journals in the area of biochemical & metabolic eng.  
 
(e)  Collaborators & Other Affiliations 
Collaborators (past 48 months) 
Ateeque Ahmad (Konkuk U, S. Korea); George N. Bennett (Rice University); Susanna J. Berrios 
Ortiz (Amgen); Walter G. Chapman (Rice University); Ill-Min Chung (Konkuk U, S. Korea);  
Steven J. Cox (Rice University); Sue Gibson (University of Minnesota); Ramon Gonzalez (Rice 
University); Emily Horton (U. Houston); Erik Hughes (Wyeth); Shalel-Levanon (Sigma 
Aldrich); Henry Lin (Amgen); Nikos Mantzaris (Rice University); Brad Peercy (NIH); Alien 
Sanchez (Genentech); B. Sariyar; Shannon Sauer (Rose-Hulman Institute of Technology); Jackie 
V. Shanks (Iowa State); Ravi Vadali (Glaxo-Smith-Kline); PraveenV. Vadlani (Kansas State); 
Kyriacos Zygourakis (Rice University) 
Graduate and Postdoctoral Advisosr 
Dr. Gregory N. Stephanopoulos, California Institute of Technology (graduate advisor) 
Dr. Gregory N. Stephanopoulos, California Institute of Technology (Postdoctoral advisor) 
Thesis Advisor and Postgraduate-Scholar Sponsor (past 48 months) 
Susana Joanne Berrios Ortiz (Amgen Inc), Ravi V. Vadali (Glaxo-Smith-Kline); Erik Hughes 
(Wyeth Inc); Henry Lin (Amgen Inc); Ailen Sanchez (Genentech), Cheryl Dittrich, Randeep 
Singh (law school), Stephanie Porter (Glycos Biotechnologies), Christie Peebles (MIT).  
Postdocs:  Henry Lin (Amgen Inc), Mathew Wong (Glycos Biotechnologies) 
Past Students 
 
Irene Martinez, Stephanie Porter 
Current Students 
 
Jiangfeng Zhu, Mai Li, XiuJun Zhang 
Current Postdoctoral Associates 
 
Total number of graduate students advised and postdocs sponsored = 77. 
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SUZANNE B. SANDMEYER 
Professor, Biological Chemistry and Microbiology & Molecular Genetics 
Associate Director, UCI Institute for Genomics and Bioinformatics 
Director, Protein and DNA Mircoarray Facility 
University of California, Irvine 
Dept. of Biological Chemistry, D240 Med Sci I, Irvine, CA 92697-1700 
(949) 824-7571 / (949) 824-2688 (fax) / sbsandme@uci.edu 
  
(a)  Professional Preparation 
Carleton College Biology B.A., 1973 
University of Washington Biochemistry Ph.D., 1980 
Washington University Genetics Postdoc, 1980 – 1982  
 
(b)  Appointments 
2009 – present Associate Director, UCI Institute for Genomics & Bioinformatics, 
University of California, Irvine (UC-Irvine) 
2000 – present Director, Protein and DNA Microarray Facility, UC-Irvine 
1997 – present Professor, Biological Chemistry, UC-Irvine 
1997 – 2005 Chair, Dept. of Biological Chemistry, UC-Irvine 
1994 – present 
1990 – 1994 
Professor, Microbiology & Molecular Genetics, UC-Irvine 
Assoc. Professor, Microbiology & Molecular Genetics, UC-Irvine 
1984 – 1990 Asst. Professor, Microbiology & Molecular Genetics, UC-Irvine 
1982 – 1983 Research Associate, Genetics, Washington University, St. Louis, MO 
1974 – 1980  Research Associate, Biochemistry University of Washington, Seattle, WA 
1973 – 1974 Teaching Assistant, Biochemistry, University of Washington, Seattle, WA 
 
(c)  Publications 
1. Kirchner, J., Connolly, C. and Sandmeyer, S.B. (1995) Requirement of RNA polymerase III 
transcription factors for in vitro position-specific integration of a retroviruslike element. 
Science 267:1488-1491. 
2. Yieh, L., Hatzis, H., Kassavetis, G., Geiduschek, E.P. Sandmeyer, S.B. (2002) Mutational 
analysis of the TFIIIB-DNA target of Ty3 retroelement integration.  J. Biol. Chem. 
277:25920-25928. 
3. Irwin, B., Aye, M., Baldi, P., Beliakova-Bethell, N., Cheng, H., Dou, Y., Liou, W. and 
Sandmeyer, S.B. 2005. Retroviruses and yeast retrotransposons use overlapping sets of host 
genes. Gen. Res. 15:641-654. 
4. Kuznetsov, Y.G., Zhang, M., Menees, T.  McPherson, A, and Sandmeyer, S. (2005) Atomic 
force microscopy investigation of the structure of Ty3 retrotransposon particles. J. Virol. 79: 
8032-8045. 
5. Beliakova-Bethell, N., Beckham, C., Giddings, T.H. Jr., Winey, M., Parker, R., and 
Sandmeyer, S. (2006) Virus-like particles of the Ty3 retrotransposon assemble in   
association with P-body components.  RNA 12:94-101. 
6. Hansen, L. J., Chalker, D. L., Orlinsky, K. J. and Sandmeyer, S. B. (1992) Ty3 GAG3 and 
POL3 genes encode the components of intracellular particles. J. Virol. 66:1414-1424. 
CBiRC First Annual Report
Volume II 133
7. Chalker, D. L. and Sandmeyer, S. B. (1992) Ty3 Integrates within the region of RNA 
polymerase III transcription initiation. Genes Dev. 6:117-128 
8. Sandmeyer, S., Aye, M., and Menees, T.  (2002) Ty3: A Position-Specific, Gypsylike 
Element in Saccharomyces cerevisiae.  In Mobile DNA, ASM Press, Washington DC. 
9. Aye, M. Irwin, B., Archibald, H., and Sandmeyer, S.B. (2004) Host factors that affect Ty3 
retrotransposition in Saccharomyces cerevisiae.  Genetics 168, 1159-1176. 
10. Larsen, L.S.Z., Beliakova-Bethell, N., Bilanchone,V., Zhang, M., Lamsa, A.,  DaSilva, R., 
Hatfield, G.W., Nagashima, K., and Sandmeyer, S.B. (2008).  Ty3 nucleocapsid controls 
localization of particle assembly. J. Virol. 82:2501-2514 
 
(d)  Synergistic Activities 
Co-Chair of Cold Spring Harbor Retroviruses Meeting (2003). 
Director of the UCI Protein and DNA Microarray Facility (2000-present). 
Chair, Department of Biological Chemistry (1997-2005). 
Member, National Cancer Institute, Division of Basic Sciences, Board of Scientific Counselors 
(1998-2003). 
Chair, Senior Editors, Genetics (2006-2007). 
 
(e)  Collaborators & Other Affiliations 
Collaborators (past 48 months) 
P. Baldi (U.C. Irvine); J. Cheng (U. of Central Florida); N. DaSilva (UCI); H. Fan (UCI); E. P. 
Geiduschek (U.C. San Diego); G.W. Hatfield (UCI); L. Huang (UCI);  G. Jensen (Cal Tech); M. 
Johnston (U. CO, Denver); G. Kassavetis (U.C. San Diego); D. Kibler (U.C. Irvine); R.  Lathrop 
(U.C. Irvine); S. Le Grice (NCI Frederick); A. McPherson (U.C. Irvine); R. Mitra (Washington 
U., St. Louis, MO); K. Nagashima (SAIC, NCI Frederick); A. Nagy (U. Toronto); R. Parker (U. 
AZ); N. Perrimon (Harvard U.); R. Plasterk (Cntr. Biomed. Gen., Utrecht); Brent Shanks (Iowa 
State U.); W. Sundquist (U. Utah); M. Winey (U. CO Boulder); J. Yates (The Scripps Res. Instit.) 
Graduate and Postdoctoral Advisors 
Postdoctoral Advisor: Maynard Olson, (U WA, Seattle, WA) 
Ph.D. Thesis Advisor:  Paul Bornstein, (U WA, Seattle, WA) 
Thesis Advisor and Postgraduate-Scholar Sponsor (past 48 months) 
Liza Zicker-Larsen (2002-2006 Staff Scientist, CODA Genomics Inc., Laguna Hills, CA) 
Past Students 
Min Zhang (2002-2007) 
S. Chow (UCLA) 
Nadia Beliokova-Bethell (2003-2009)) 
Michael Aye, Ph.D. (Postdoc, 2003-2005 Focus Diagnostics, Inc., Irvine, CA) 
Liza Zicker-Larsen (Postdoc, 2007 Staff Scientist, CODA Genomics, Inc., Laguna Hills, CA) 
 
Kristina Christiansen, Kim Nguyen  
Current Students 
 
Fang Fang, Dina Matheos, Xiaojie Qi, Uyen Tran 
Current Postdoctoral Associates 
 
Total number of graduate students advised and postdocs sponsored = 27. 
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BRENT H. SHANKS 
Professor, Chemical & Biological Engineering Department 
Director, NSF Engineering Research Center for Biorenewable Chemicals (CBiRC) 
Iowa State University 
2119 Sweeney Hall, Ames, IA 50011-2230 
(515) 294-1985 / (515) 294-2689 / bshanks@iastate.edu 
  
(a)  Professional Preparation 
Iowa State University Chemical Engineering B.S., 1983 
California Institute of Technology Chemical Engineering M.S., 1985 
California Institute of Technology Chemical Engineering Ph.D., 1988 
 
(b)  Appointments 
2008 – present Director, NSF Engineering Research Center for Biorenewable 
Chemicals, Iowa State University 
2007 – present Professor, Chemical & Biological Engineering, Iowa State University 
1999 – 2007 Associate Professor, Chemical & Biological Engineering, Iowa State 
University 
1997 – 1999 Research Department Manager, Shell Chemical Company, Houston, TX 
1988 - 1997 Research Engineer, Shell Chemical Company, Houston, TX 
 
(c)  Publications 
1. Bootsma, J.A., Entorf, M., Eder, J. and Shanks, B.H., “Hydrolysis of Oligosaccharides from 
Distillers Grains Using an Organosulfonic Acid-Functionalized Mesoporous Silica Catalyst,” 
Bioresource Technol., 99, 5226-5231 (2008). 
2. Nikolau, B.J., Perera, A.D.N., Brachova, L. and Shanks, B.H., “Platform biochemicals for a 
biorenewable chemical industry,” Plant J., 54, 536-545 (2008). 
3. Zhu, H., Shanks, B.H., and Heindel, T.J., “Enhancing CO-water mass transfer by 
functionalized MCM41 nanoparticles,” Ind. Eng. Chem. Res., 47, 7881-7887 (2008). 
4. Shanks, B.H., “Unleashing Biocatalysis/Chemical Catalysis Synergies for Efficient Biomass 
Conversion,” ACS Chem. Biol., 2, 533-535 (2007). 
5. Bootsma, J.A. and Shanks, B.H., “Cellobiose Hydrolysis Using Organic-Inorganic Hybrid  
Mesoporous Silica Catalysts,” Appl. Catal. A: Gen., 327, 44-51 (2007). 
6. Mbaraka, I.K. and Shanks, B.H., “Acid Strength Variation Due to Spatial Location of 
Organosulfonic Acid Groups in Mesoporous Silica,” J. Catal., 229, 365-373 (2006). 
7. Jackson, M.A., Mbaraka, I.K. and Shanks, B.H., “Esterification of Oleic Acid in 
Supercritical Carbon Dioxide Catalyzed by Functionalized Mesoporous Silica and an 
Immobilized Lipase,” Appl. Catal. A: Gen., 310, 48-53 (2006). 
8. Deng, W. and Shanks, B.H., “Synthesis of Hierarchically Structured Aluminas under 
Controlled Hydrodynamic Conditions,” Chem. Mater., 17, 3092-3100 (2005). 
9. Mbaraka, I.K. and Shanks, B.H., “Design of Multifunctionalized Mesoporous Silicas for 
Fatty Acid Esterification,” J. Catal., 229, 365-373 (2005). 
10. Lahr, D.G. and Shanks, B.H., “Effect of Sulfur and Temperature on Ruthenium Catalyzed 
Glycerol Hydrogenolysis to Glycols,” J. Catal., 232, 386-394 (2005). 
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(d)  Synergistic Activities 
Organizing Committee, NSF Workshop on Breaking the Chemical & Engineering Barriers to 
Lignocellulosic Biofuels, June 25-26, 2007. 
Lecturer, Biorenewables Intensive Program held in Ghent, Belgium, January 2006. 
Chair, NSF Workshop on Design of Catalyst Systems for Biorenewables, June 23-24, 2005. 
Organizing Committee, NSF Workshop on Catalysis for Biorenewables Conversion, April 13-14, 
2004. 
Co-taught, Workshops on Biodiesel Technology, >500 national and international students and 
professionals, 2003-08. 
 
(e)  Collaborators & Other Affiliations 
Collaborators (past 48 months) 
Hans Blaschek, Food Science, University of Illinois 
Robert Brown, Mechanical Engineering, ISU 
Bert Chandler, Chemistry, Trinity University 
Mike Cotta, Bruce Dien, and Michael Jackson, USDA NCAUR, Peoria, IL 
Bruce Dale, Chemical Engineering, Michigan State University 
Abhaya Datye, Chemical Engineering, University of New Mexico 
James Dumesic, Chemical and Biological Engineering, University of Wisconsin 
Ruth Kowaleski and David Hamilton, Shell Chemical, Houston, TX 
George Kraus, Richard Larock, and Keith Woo, Chemistry, ISU 
Michael Ladisch and Nathan Mosier, Agricultural/Biological Engineering, Purdue University 
Sarah Larsen, Chemistry, University of Iowa 
Matt Neurock and Robert Davis, Chemical Engineering, University of Virginia 
Ka-Yiu San and Ramon Gonzalez, Chemical Engineering, Rice University 
Jon Van Gerpen, Agricultural and Biological Engineering, University of Idaho 
Graduate Advisor 
James E. Bailey (deceased) 
Thesis Advisor and Postgraduate-Scholar Sponsor (past 48 months) 
Sarah Hruby (Ph.D. – 2009, ConocoPhillips Company), Karl Albrecht (Ph.D. – 2008, Pacific 
Northwest National Laboratory), Janice Velazquez (M.S. – 2007), Jason Bootsma (Ph.D. – 2006, 
Poet), Weihua Deng (Ph.D. – 2005, Center for Sustainable Environmental Technologies), Dan 
Lahr (Ph.D. – 2005, Shell Chemical), Isa Mbaraka (Ph.D. – 2005, Dow Chemical Company), 
Justinus Satrio (Postdoc – 2005, Iowa State University), Sipho Ndlela (Ph.D. – 2004, Iowa 
Energy Center) 
Past Students 
 
Basak Cinlar, Keenan Deutsch, Sikander Hakim, Zheng Li, Michael Nolan, Pedro Ortiz, Dursan 
Ozcan, Pushkaraj Patwardhan, Ryan Snell 
Current Students 
Nattaporn Lohitharn, Shaojun Miao, Haiyang Zhu 
Current Postdoctoral Associates 
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JACQUELINE V. SHANKS 
Professor, Chemical & Biological Engineering Department 
Iowa State University 
3031 Sweeney Hall, Ames, IA 50011-2230 
(515) 294-4828 / (515) 294-2689 (fax) / jshanks@iastate.edu 
 
(a)  Professional Preparation 
Iowa State University Chemical Engineering B.S., 1983 
California Institute of Technology Chemical Engineering Ph.D., 1989 
 
(b)  Appointments 
2005 – present Professor, Chemical and Biological Engineering, Iowa State 
University  
1999 – present Adjunct Professor, Department of Bioengineering, Rice University 
1999 – 2005 Professor, Chemical Engineering, Iowa State University 
1999 Professor, Bioengineering and Chemical Engineering, Rice University 
1997 – 1999 Associate Professor, Bioengineering, Rice University 
1993 – 1999 Associate Professor, Chemical Engineering, Rice University 
1988 – 1993 Assistant Professor, Chemical Engineering, Rice University 
 
(c)  Publications 
1. Iyer, V.V., Sriram, G., Fulton, D. B., Zhou, R., Westgate, M.E., and Shanks, J.V., “Metabolic 
Flux Maps Comparing the Effect of Temperature on Protein and Oil Biosynthesis in 
Developing Soybean Cotyledons,” Plant Cell Environment, 31, 506-517 (2008). 
2. Sriram, G., D. B. Fulton, and Shanks, J. V. “Flux Quantification in Central Carbon 
Metabolism of Catharanthus roseus Hairy Roots by 13C Labeling and Comprehensive 
Bondomer Balancing,” Phytochemistry, 68, 2243-2257 (2007). 
3. Sriram, G., Iyer, V. V., Fulton, D. B., and Shanks, J. V. “Identification of Hexose Hydrolysis 
Products in Metabolic Flux Analytes: A Case Study of Levulinic acid in Plant Protein 
Hydrolysate,” Metabolic Engineering, 9, 442-451 (2007). 
4. Yoon, J. M., Oliver, D. J., Shanks, J. V., “Phytotransformation and Phytoremediation of 2,6-
Dinitrotoluene using a Model Plant, Arabidopsis thaliana,” Chemosphere, 68,1050–1057 
(2007). 
5. Sriram, G., Fulton, D. B., Iyer, V. V., Peterson, J. M., Zhou, R., Westgate, M. E., 
Spalding, M. H., and Shanks, J. V., “Quantification of Compartmented Metabolic Fluxes in 
Developing Soybean (Glycine max) Embryos by Employing Biosynthetically Directed 
Fractional 13C Labeling, 2-D [13C, 1H] NMR and Comprehensive Isotopomer Balancing,” 
Plant Physiol. 136, 3043-3057 (2004). 
6. Sriram, G. and Shanks, J. V., “Improvements in Metabolic Flux Analysis using Carbon Bond 
Labeling Experiments: Bondomer Balancing and Boolean Function Mapping,” Metabol. Eng, 
6, 116-132 (2004). 
7. Hughes, E. , Hong , S.-B., Shanks, J. V. , San K.-Y., Gibson, S. I. “Expression of a 
Feedback-Resistant Anthranilate Synthase in Catharanthus roseus Hairy Roots Provides 
Evidence for Tight Regulation of Terpenoid Indole Alkaloid Levels,” Biotechnol. Bioeng. 86, 
718-727 (2004). 
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8. Morgan, J. and Shanks, J. V., “Quantification of Metabolic Flux in Plant Secondary 
Metabolism by a Biogenetic Organizational Approach,” Metabolic Engineering, 4, 257-262 
(2002). 
9. Bhadra, R., Wayment, D., Hughes, J. and Shanks, J. V., “Confirmation of Conjugation 
Processes during TNT Metabolism by Axenic Plant Roots,” Environmental Sci. and Tech., 
33, 446-452 (1999). 
10. Hughes, J. B., Shanks, J., Vanderford, M., Lauritzen, J. and Bhadra, R., “Transformation of 
TNT by Aquatic Plants and Plant Tissue Cultures,” Environmental Sci. and Tech., 31, 266-
271 (1997). 
 
(d)  Synergistic Activities 
Thrust 2 Co-Leader, NSF Center for Biorenewable Chemicals (CBiRC), Iowa State University, 
2008-present  
Advisory Board, NSF project: Educational Materials to Enhance CHE Curricula with Biological 
Applications, San Jose State University and University of Arkansas, 2007- present. 
Development of Metabolic Engineering Class (3 cr) and Laboratory (1 cr) using problem –based 
learning methods for NSF CRCD grant, 2002-2006.  
Editorial Board, Biotechnology Progress, 2000-present. 
American Chemical Society Chair-Elect, Chair, Past-Chair, BIOT Division, 2000-2002. 
 
(e)  Collaborators & Other Affiliations (outside ISU) 
Collaborators (past 48 months) 
Neil Bruce, Biology, University of York, UK 
Nancy DaSilva, Chemical Engineering, University of California Irvine 
John Everard, Dupont, Delaware 
Sue Gibson, Plant Biology, University of Minnesota 
Ramon Gonzalez, Chemical and Biomolecular Engineering, Rice University 
Harin Kanani, Pioneer Hybrid International 
Ka-Yiu San, Bioengineering, Rice University 
Suzanne Sandmeyer, Biological Chemistry, University of California Irvine 
Graduate Advisor 
James E. Bailey (deceased) 
Thesis Advisor and Postgraduate-Scholar Sponsor (past 48 months) 
Madhuresh Choudhury (M.S. 2008, Indo-Gulf Fertilizer); Vidya Iyer (Ph.D. 2006, Rutgers 
Univ); Sarah Rollo (M.S. 2005, Caterpillar); Murali Subramanian (Ph.D. 2004, Univ. of Minn.); 
Ganesh Sriram (Ph.D. 2004, Assistant Professor, University of Maryland) 
Past Students 
 
Marvin Mercado, Guy Sander, Ting Wei Tee, Quyen Truong 
Current Students  
 
Jong Moon Yoon 
Current Postdoctoral Associate 
 
Total number of graduate students advised and postdocs sponsored = 19. 
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L. KEITH WOO 
Professor, Chemistry Department 
Iowa State University 
1605 Gilman Hall, Ames IA, 50011-3111 
(515) 294-5854 / (515) 294-9623 (fax) / kwoo@iastate.edu 
  
(a)  Professional Preparation 
Harvey Mudd College Chemistry B.S., 1977 
Stanford University Chemistry Ph.D., 1984 
University of Wisconsin-Madison Chemistry Postdoc, 1984 – 1986 
 
(b)  Appointments 
2004 – present Associate Chair, Chemistry Department, Iowa State University 
2003 – present Professor, Chemistry, Iowa State University 
1992 – 2003 Associate Professor, Chemistry, Iowa State University 
1986 – 1992 Assistant Professor, Chemistry, Iowa State University 
 
(c)  Publications 
1. Grubisha, D.; Mirafzal, G.; Woo, L. K.  “Chemistry of Selenium and Tellurium with 
Tetrachelate and Macrocycle Complexes.”  Inorg. Chim. Acta, 2008, 361, 3079-3083. 
http://dx.doi.org/10.1016/j.ica.2008.01.028. 
2. Mbuvi, H; Woo, L. K.  “Catalytic C–H Insertions Using Iron(III) Porphyrin Complexes.” 
Organometallics, 2008, 27, 637-645.  http://dx.doi.org/10.1021/om7007502. 
3. Bagherzadeh, M.; Tahsini, L.; Latifi, R.; Ellern, A.; Woo, L. K.  “Synthesis, Crystal 
Structure and Catalytic Activity of a Novel Mo(VI)-oxazoline Complex in Highly Oxidation 
of Sulfides to Sulfoxides by Urea Hydrogen Peroxide.”  Inorg. Chim. Acta, 2008, 361, 2019-
2024.  http://dx.doi.org/10.1016/j.ica.2007.10.017.  
4. Cain, A.; Vannela, R.; Woo, L. K.  “Cyanobacteria as a Biosorbent for Mercuric Ion.”  J. 
Bioresource Tech., 2008, 99, 6578-6586.  http://dx.doi.org/10.1016/j.biortech.2007.11.034 
5. Zhou, Y.; Ryu, E.-H.; Zhao, Y.; Woo, L. K.  “Solvent Responsive Metalloporphyrins:  
Binding and Catalysis.” Organometallics, 2007, 26, 358-364. 
http://dx.doi.org/10.1021/om060791z. 
6. Baumann, L. K.; Mbuvi, H. M.; Du, G.; Woo, L. K. “Iron Porphyrin Catalyzed N–H 
Insertion Reactions with Ethyl Diazoacetate.”  Organometallics, 2007, 26, 3995-4002.  
http://dx.doi.org/10.1021/om0610997. 
7. Woo, L. K.  “Combinatorial Approaches and Molecular Evolution of Homogeneous 
Catalysts.”  Book Chapter in “Combinatorial Materials Science.”  Narasimhan, B.; 
Mallapragada, S. K.; Porter, M. D., eds.  John Wiley: New York, 2007, pp. 121-162. 
8. Berreau, L. M.; Chen, J.; Woo, L. K.  “Imidomolybdenum(IV) Porphyrin Complexes: 
Synthesis, Characterization, and Intermetal Imido Transfer Reactivity.”  Inorg. Chem. 2005, 
44, 7304-7306.  http://dx.doi.org/10.1021/ic051100e. 
9. Maurya, M. R.; Woo, L. K.  “Metalloporphyrins as a Ligand in Organometallic Complexes:  
Synthesis and Characterization of Nickel(II) and Copper(II) Porphyrin Complexes of 
1,5-Cyclooctadienedichlororuthenium(II).”  Journal of Organometallic Chem., 2005, 690, 
4978-4981.  http://dx.doi.org/10.1016/j.jorganchem.2005.07.030. 
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10. Du, G.; Mirafzal, G. A.; Woo, L. K.  “Alcohol Oxidation with Dioxygen Mediated by 
Oxotitanium Porphyrin and Related Transition Metal Complexes.”  Journal of Porphyrins 
and Phthalocyanines, 2005, 9, 206-213. 
 
(d)  Synergistic Activities 
Mentor to NSF REU undergraduate researchers. 
Senior Personnel in NSF ERC (2008-2012). 
Developed new instructional lab course to introduce students to basic research skills. 
College of Liberal Arts and Sciences Institutional Service Award (2008). 
Member of Science and Engineering Board of ISU Bioeconomy Institute. 
 
(e)  Collaborators & Other Affiliations 
Collaborators (past 48 months) 
Robert J. Angelici Iowa State University 
Andrew Hillier Iowa State University 
Eric Rose University Pierre et Marie Curie, Paris, France 
Yan Zhao Iowa State University 
Graduate and Postdoctoral Advisors 
James P. Collman Stanford University 
Charles P. Casey University of Wisconsin-Madison 
Thesis Advisor and Postgraduate-Scholar Sponsor (past 48 months) 
Mojtaba Bagherzehda (Visiting Professor, Sharif University of Technology, Iran),  
Past Students 
Amber Cain, M.S., (M-Tech, IA), Jinyuan Chen (Epic Systems, Madision, WI), Guilong Cheng 
(Arizona State University), Lynnette Baumann, M.S., (Iowa Department of Agriculture), Harun 
M. Mbuvi (Ph.D., Kenyatta University), Guodong Du (Ph.D., Purdue University) 
 
Dr. Desiree Grubisha (Research Associate, Ames Laboratory), Dr. Raveender Vannela (Research 
Scientist, Arizona State University), Dr. Xiaotai Wang (Faculty member, University of Colorado-
Denver) 
Past Postdoctoral Associates 
 
B.J. Anding, Ryang Kim, Erik Klobukowski, Gina Roberts 
Current Students 
 
Yibo Zhou 
Current Postdoctoral Associate 
 
Total number of graduate students advised and postdocs sponsored = 34. 
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EVE SYRKIN WURTELE 
Professor, Department of Genetics, Development and Cell Biology 
Virtual Reality Applications Center 
Iowa State University 
441 Bessey Hall, Ames, IA 50011-1020 
(515) 294-8989 / (515) 294-1337 (fax) / mash@iastate.edu 
 
(a) Professional Preparation 
University of California, Santa Cruz  Biology   B.S., 1971 
University of California, Los Angeles Biology   Ph.D., 1980 
University of California, Davis  Biochemistry  Postdoc, 1980 – 1983  
(b)  Appointments 
1999 – present Professor, Genetics, Development & Cell Biology, Iowa State University 
1995 – 1999 Associate Professor, Botany, Iowa State University 
1990 – 1995 Assistant Professor, Botany, Iowa State University 
1983 – 1988 Senior Research Scientist, Cell Biology Division, NPI, Inc. 
 
(c)  Publications 
1. Li L, Foster C, Gan Q, Nettleton D, James MG, Myers AM, Wurtele ES.2009.  Identification 
of the Novel Protein QQS as a Component of the Starch Metabolic Network in Arabidopsis 
Leaves. Plant Journal. Onlilne 2/09. 
2. Perera A, Choi SY, Wurtele ES, Nikolau BJ. 2009. Quantitative analysis of acyl-coenzyme 
As in plant tissues by an LC-MS-MS electrospray ionization method. Chromatography B.  
Available online 1/09. 
3. Mentzen W, Wurtele ES. 2008. Regulon Organization of Arabidopsis. BMC Plant Biology. 
8:99 Sept 30 http://www.biomedcentral.com/1471-2229/8/99  designated as highly accessed 
article. 
4. Mentzen V, Peng JL, Nikolau BJ, Wurtele ES. 2008. Articulation of Core Metabolic 
Processes in Arabidopsis.  BMC Plant Biology 8:76. http://www.biomedcentral.com/1471-
2229/8/76. 
5. Wurtele ES, Li L, Berleant D, Cook D, Dickerson JA, Ding J, Hofmann H, Lawrence M, Lee 
EK, Li J, Mentzen W, Miller L, Nikolau BJ, Ransom N, Wang Y. 2007. “MetNet: Systems 
Biology Software for Arabidopsis.”  In: Concepts in Plant Metabolomics. Springer. pp 145-
158. 
6. Kraus GA, J Bae J, Wu L, Wurtele E. 2007. The Synthesis and Natural Distribution of the 
Major Ketone Constituents in Echinacea pallida. Molecules 12, 406-414. 
7. Fatland B, Nikolau BJ, Wurtele ES. 2005 . Reverse Genetic Characterization of Cytosolic 
Acetyl-CoA Generation by ATP-citrate lyase in Arabidopsis. Plant Cell 17:182-203. 
8. Lawrence M, Lee EK, Cook D, Hofmann H, and Wurtele ES. 2006.  exploRase: Exploratory 
Data Analysis of Systems Biology Data. Fourth International Conference on Coordinated 
Multiple Views in Exploratory Visualization (CMV'06). IEEE Computer Society. 14-20.  
9. Bino RJ, Hall RD, Fiehn O, Kopka J, Saito K, Draper J, Nikolau BJ, Mendes P, Roessner-
Tunali U, Beale MH, Trethewey RN, Lange BM, Wurtele ES, Sumner LW. 2004. Potential 
of metabolomics as a functional genomics tool. Trends Plant Sci. 9:418-425. 
10. Call, AB, Herrnstadt, S, Wurtele, ES and Bassham D. 2006. Meta!Blast. Virtual Cell: A 
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Pedagogical Convergence between Game Design and Science Education. 4th International 
Conference on Education and Information Systems, Technologies and Applications, Orlando, 
FL, USA. (Awarded best paper of section). 
 
(d)  Synergistic Activities 
Co-Organizer, Third International Congress on Plant Metabolomics, PSI Symposium, June, 2004, 
Iowa State University. Supported in part by awards from NSF and USDA. (275 attendees, more 
than half of these were international participants).  
Organizer, Metabolic Networking in Plants, April, 1999, First in a series of international 
symposia on Plant Molecular Biology and Biochemistry at Iowa State University. Supported 
in part by awards from NSF and USDA.  
Panel/Study Section member: 
National Science Foundation: Metabolic Biochemistry (six panels): Interagency Metabolic 
Engineering: Systems Biology (one panel); Arabidopsis 2010 (one panel) 
National Institute of Health:  Modeling and Analysis of Biological Systems (study section, 3 
years) 
USDA: Plant Biochemistry (one panel) 
Multinational Arabidopsis Steering Committee:  Subcommittee on Systems Biology. 
International Advisory Board for Academic Freedom, Bar Ilan University. 
Mentor for high school and undergraduate interns, and high school teachers in: Howard Hughes 
Initiative Foundation, Women in Science and Engineering, NSF-REU (eight to ten 
students/year), NSF-RET (one teacher/year). 
 
(e)  Collaborators & Other Affiliations 
Collaborators (past 48 months) 
Bai, J. (ISU), Behal, R. (Univ. of Idaho), Bino, Raoul (Plant Res. International), Birt, Diane 
(ISU), Blom, Kris (ISU), Che, Ping (ISU), Clemente, T. (Univ. of Nebraska), Colbert, James 
(ISU), DeCook, R. (ISU), Gong, J. (ISU), Guan, Xueni (Novagen), Hammond, E. G. (ISU) Ke, 
Jinshan (UC-Berkeley), Kraus, G. (ISU), Mendes, P. (Virginia Polytech), Mittler, R. (Univ. of 
Nevada), Myers, Alan (ISU), Nielsen-Hamilton, M. (ISU), Ohlrogge, John (Michigan State 
Univ.), Oliver, D. J. (ISU), Reinot, Andres (ISU), Rhee, Sue (Stanford Univ.), Schnable, Patrick 
(ISU), Shanks, Jackie (ISU), Spalding, Martin (ISU), Stern, Hal (ISU), Sumner, L. W. (Nobel 
Foundation), Sun, Jingdong (ExSeed Genetics), Vodkin, Lila (Univ. of Illinois), Weaver, Lisa 
(Monsanto), Wang. Huiqing (Ingene, CA), Westgate, Mark (ISU) 
Graduate and Postdoctoral Advisors 
Bernard Phinney (UCLA) and Eric Conn (UC-Davis), respectively 
Thesis Advisor and Postgraduate-Scholar Sponsor (past 48 months) 
Heather Babka, Suh-Yeon Choi, Matthew Hillwig, Jie Li, L. Li, Li Ling, Wieslawa Mentzen, 
Lankun Wu, Hailong Zhang, Micheline Ngaki, Yves Sucaet, Jon Hurst 
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
Robert P. Anex 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,250,000 9/1/08-8/31/09 1.0 mo. 
Techno-economic 
Evaluations of 
“Biochemical” Biorefinery 
Concepts 
ConocoPhillips Biofuels 
Research Program at 
Iowa State University 
$123,397 5/1/07-5/30/09 1.0 mo. 
Biocomplexity in the 
Bioeconomy: Natural and 
Industrial Ecology of 
Biobased Products 
NSF CMS-0424700 $1,850,694 9/15/04-8/31/09 1.0 mo.  
A Virtual Education Center 
for Biorenewable Resources: 
Building Capacity and 
Humanizing Distance 
Education 
USDA; 2006-38411-
17034 (Co-PI w/ 7 other 
investigators) 
$489,292 10/1/06-9/30/09 0.48 mo. 
Incorporation of Field-scale 
Risk Assessment Tools into 
I-FARM for Use by 
Consultants and Producers 
USDA; Cooperative 
Agreement #58-3625-6-
161 (PI) 
$88,000 9/1/06-8/30/09  
Biorefinery Ash Utilization 
as a Soil Amendment 
Tate and Lyle 
Ingredients Americas, 
Inc. 
$504,911 3/1/07-2/28/10  
Biofuels and the Hydrologic 
Cycle 
NSF CBET-0829023 $303,812 8/15/08-8/14/10 0.5 mo. 
Researching the Relation-
ship Between Biofuels and 
the Hydrologic Cycle 
U.S. Dept. of Energy $298,838 7/1/08-6/30/10  
Regional Biomass Feedstock 
Partnership 
U.S. Dept. of Energy $86,999 1/1/07-3/31/09 0.88 mo. 
Evaluation of Infield Corn 
Stover Densification and 
Interaction with Storage 
Quality, Logistics, and 
Production Cost 
North Central Sun Grant $877,399 1/1/09-12/31/11 0.5 mo. 
Pending:     
ERC:  Center for 
Biorenewable Chemicals 
(this proposal) 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10  
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Collaborative Research: 
International Institute for 
Statistics, Mathematics and 
Energy 
National Science 
Foundation 
$9,944,048 9/1/09-8/31/14  
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
Thomas A. Bobik 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,250,000 9/1/08-8/31/09  
Coenzyme B12-dependent 
1,2-propanediol degradation 
by Salmonella 
NSF MCB0616008  3/07-2/10  
No-distill ethanol 
fermentation 
Conoco-Phillips B-03-
SOW 
 1/07-12/09  
     Pending:     
ERC:  Center for 
Biorenewable Chemicals 
(this proposal) 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10  
Coenzyme B12-dependent 
1,2-propanediol degradation 
by Salmonella 
Renewal NSF 
MCB0616008 
 3/10-2/14  
Dissecting the structure and 
function of the Pdu 
microcompartment in 
Salmonella 
NIH  8/09-7/14  
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
Nancy A. Da Silva 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) 
Subcontract with Iowa 
State University (PI of 
Subcontract, with 1 Co-
PI) 
$3,250,000 9/1/08-8/31/09 1 mo. 
Optimized Heterologous 
Pathways for Ethanol 
Production in Yeast 
UC Discovery 
Program; CODA 
Genomics, Inc. (Co-PI 
with 4 other 
investigators) 
$1,676,711 
($307,651 in 
direct costs 
for my 
laboratory) 
9/1/07-8/31/09 1 mo. 
Molecular Design of Self-
Assembling Biomimetic 
Polymers 
National Science 
Foundation (Co-PI w/ 1 
other investigator) 
$420,000 8/15/07-8/14/10 1 mo. 
Characterization and 
Optimization of 
Recombinant Collagen 
CODA Genomics, Inc. 
(Co-PI w/ 1 other 
investigator) 
$75,000 2/1/08-11/30/09 0.5 mo 
Collaborative Research: 
Metabolic Engineering of 
Saccharomyces cerevisiae 
for the Enhanced 
Accumulation of Arsenic 
National Science 
Foundation (PI) 
*Professor Wilfred 
Chen (UC Riverside) is 
also a PI with a 
separate award and an 
independent budget 
$337,249 9/1/04-8/31/09 1 mo. 
Pending:     
ERC:  Center for 
Biorenewable Chemicals 
(this proposal) 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10  
Collaborative Research: 
Engineering Yeast Consortia 
for Surface-Display of 
Complex Cellulosome 
Structures: A Consolidated 
Bioprocessing Approach 
from Cellulosic Biomass to 
Ethanol  
National Science 
Foundation 
(PI)*Professor Wilfred 
Chen (UC Riverside) 
and Professor Rachel 
Chen (Georgia Tech) 
are also PIs  with 
independent budgets 
$300,000 6/1/09-5/30/12 1 mo. 
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
Abhaya K. Datye 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,250,000 9/1/08-8/31/09  
Molecular Engineering for 
Conversion of Biomass-
derived Reactants to Fuels 
Chemicals and Materials 
NSF Partnership for 
International Research 
and Education (PIRE) 
$2,500,000 9/4/07-9/30/12 1 mo. 
Focused Ion Beam System 
for Nanofabrication and 
Nanomachining of Materials 
NSF MRI $762,140 8/6/07-8/30/09 0.25 mo. 
Fundamental Studies of 
Catalyst Sintering 
NSF GOALI $324,999 7/15/05-7/14/09 1 mo. 
Nanostructured Catalysts for 
Hydrogen Generation from 
Renewable Feedstocks 
DOE Office of Science 
– BES 
$700,000 9/1/08-8/30/10 0.5 mo. 
Materials for Energy 
Conversion 
DOE EPSCOR  $2,250,000  0.5 mo. 
Catalyst Sintering Ceramic and Composite 
Materials Center 
$140,000 7/04-6/09 0.25 mo. 
Model Catalysts for 
Studying Aging Phenomena 
in Fuel Cell Electrocatalysts 
NSF – I/UCRC program $50,000 7/6/07-7/30/09 0.25 mo. 
REU-Research Experiences 
for Undergraduates in 
Microengineered Materials 
NSF Industry University 
Cooperative Research 
Center 
$323,668 3/15/07-2/28/10 0.25 mo. 
Integrative Nanoscience and 
Microsystems 
NSF IGERT $2,952,641 9/15/05-9/14/10 1 mo. 
UNM-Rutgers Ceramics and 
Composite Materials Center 
(CCMC) 
NSF $160,000 9/04-8/09 0.5 mo. 
Advanced Materials 
Research 
NSF $70,000 7/06-6/09 0.1 mo. 
Pending:     
ERC:  Center for 
Biorenewable Chemicals 
(this proposal) 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10  
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Science and Development of 
Durable Ultralow Platinum 
Group Metal Catalysts 
DOE EERE $600,000 4/09-3/12 0.5 mo. 
 
CBiRC First Annual Report
Volume II 148
CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
Robert J. Davis 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-
Mos. Per 
Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,250,000 9/1/08-8/31/09  
Basic Principles that Govern 
the Interaction of 
Organometallic Catalysts 
with Supports - The Science 
of Immobilized Molecular 
Catalysts 
U.S. Department of 
Energy (co-PI w/ 5 other 
investigators at GA 
Tech) 
$628,415 
(Davis part) 
9/15/03-9/14/09 1 mo.  
Conversion of Biorenewable 
Polyols over Supported 
Metal Catalysts 
National Science 
Foundation 
$300,000 8/1/06-7/31/09 1 mo. 
PIRE: Molecular 
Engineering for Conversion 
of Biomass-derived 
Reactants to Liquid Fuels, 
Chemicals and Materials 
National Science 
Foundation (co-PI w/ 4 
other investigators and 4 
Universities) 
$310,000 
(Davis part) 
9/1/07-8/31/12 0.5 mo. 
Ethanol, Propanol and other 
Higher Alcohol Synthesis 
from H2/CO, a Combined 
Experimental and 
Computational Approach 
Dow Chemical Co. – 
Subcontracted through 
Georgia Tech 
$305,000 1/1/09-12/31/11 0.5 mo. 
Pending:     
ERC:  Center for 
Biorenewable Chemicals 
(this proposal) 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10  
Structure and Function of 
Supported Base Catalysts 
U.S. Department of 
Energy 
$504,534 3/1/09-2/29/12 1 mo. 
Immobilized Molecular 
Catalysts: From Basic 
Design Principles to Cascade 
Reactions 
U.S. Department of 
Energy (subcontract 
through Georgia Tech) 
$310,000 9/15/09-9/14/12 1 mo. 
Center for Plant Polymer 
Conversion to Fuels in 
Condensed Phase and 
Interfacial Systems 
U.S. Department of 
Energy (subcontracted 
through PNNL) 
$1,200,772 
(50% to 
Davis) 
9/1/09-8/31/14 1 mo. 
Transportation Fuels for a 
Carbon-Constrained World 
U.S. Department of 
Energy (subcontracted 
through Georgia Tech) 
$841,250 6/1/09-5/31/14 1 mo. 
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
Julie A. Dickerson 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,250,000 9/1/08-8/31/09 1.0 mo. 
Meta!Blast: An Immersive 
Interactive Learning Module 
for Cell Biology 
NIH $252,013 9/18/08-8/31/09 0.5 mo 
GEPR: Functional Genomics 
of Bud Endodormancy 
Induction in Grapevine 
(vitis) 
NSF $641,785 9/1/06-8/31/09 1.0 mo 
Interactive Visualization and 
Analysis of Large Scale 
Graphs for Biological 
Network Modeling 
NSF $808,353 8/1/06-7/31/09 1.0 mo 
Barley Coordinated 
Agricultural Project: 
Leveraging Genomics, 
Genetics, and Breeding for 
Gene Discovery and Barley 
Improvement 
USDA $295,384 4/1/06-12/31/09 0.5 mo 
PLEXdb: Plant Expression 
Database 
NSF $1,064,103 9/1/06-8/31/09 1 mo 
ISGA: Functional Genomics 
of Plant Disease Defense 
Pathways 
NSF $2,093,192 6/1/05-5/31/09 1 mo 
Pending:     
ERC:  Center for 
Biorenewable Chemicals 
(this proposal) 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10  
GEPR: The functional 
Interactome of Cereals with 
Fungal Biotroph, Blumeria 
graminis 
NSF $2,762,416 6/1/09-5/31/13 1.0 
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
James A. Dumesic 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award 
Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,250,000 9/1/08-8/31/09  
Fundamental Studies of the 
Reforming of Oxygenated 
Compounds over Supported 
Metal Catalysts 
DOE $450,000 7/08-6/11 1 mo. 
Selective Production of 
Large Water-Soluble 
Organics from Biomass 
NSF $297,000 7/05-6/09 1 mo. 
From First Principles Design 
to Realization of Bimetallic 
Catalysts for Enhanced 
Selectivity 
DOE $480,000 7/06-6/09 0.5 mo. 
Atomic-scale Design of a 
New Class of Alloy 
Catalysts for Reactions 
Involving Hydrogen 
DOE $500,000 7/05-6/08 0.5 mo. 
PIRE: Molecular 
Engineering for Conversion 
of Biomass-derived 
Reactants to Fuels, 
Chemicals and Materials 
NSF $2,500,000 9/07-8/12 0.25 mo. 
Great Lakes Bioenergy 
Research Center 
DOE – GTL $125,000,000 9/07-8/12 0.5 mo. 
Center for Enabling New 
Technologies through 
Catalysis 
NSF $85,000 9/08-8/09 0.25 mo. 
Pending:     
ERC:  Center for 
Biorenewable Chemicals 
(this proposal) 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10  
From First Principles Design 
to Realization of Bimetallic 
Catalysts for Enhanced 
Selectivity 
DOE $2,996,651 9/09-9/12  
Production of JP-8 Range 
Molecules from 
Lignocellulosic Biomass 
DARPA $1,000,000 1/09-1/12  
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
Jill Euken 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award 
Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC: Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,250,000 9/1/08-8/31/09 6.0 mos. 
A Virtual Education Center 
for Biorenewable Resources:  
Building Capacity and 
Humanizing Distance 
Education 
U.S. Department of 
Agriculture 
(2006-38411-17034) 
$500,000 11/1/06-1/1/09 0.6 mo. 
     
Pending:     
ERC: Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10 6.0 mos. 
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
Ramon Gonzalez 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,250,000 9/1/08-8/31/09  
CAREER:  Understanding 
and Harnessing the 
Fermentative Metabolism of 
Glycerol in E. coli: A New 
Path to Biofuels and 
Biochemicals 
NSF (CBET-0645188)  $400,000 1/07-1/12 1 mo. 
MRI:  Acquisition of 
Analytical Instrumentation 
for a State-of-the-Art 
Proteomic Facility at Rice 
University 
NSF $546,056 9/07-9/10 0.5 mo. 
Development of a Novel 
Fermentation Process for the 
Anaerobic Conversion of 
Glycerol and CO2 into 
Succinic Acid using E. coli 
USDA 
CSREES/NRICGP 
(2004-00961) 
$365,000 12/05-12/09 1 mo. 
     
Pending:     
ERC:  Center for 
Biorenewable Chemicals 
(this proposal) 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10  
Metabolic Engineering of E. 
coli for the Conversion of 
Fatty Acids to 1,4-
butanediol: A New Paradigm 
for the Production of 
Renewable Chemicals 
NSF (CBET) $482,932 2/09-1/12  
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
Laura Jarboe 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,250,000 9/1/08-8/31/09 1.0 mo. 
     
Pending:     
ERC:  Center for 
Biorenewable Chemicals 
(this proposal) 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10 1.0 mo. 
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
George A. Kraus 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,250,000 9/1/08-8/31/09  
Mesoporous Silica-
Supported Rhodium 
Nanocatalysts for Selective 
Production of Ethanol from 
Syngas and Conversion of 
Ethanol to Hydrogen 
U.S. DOE                
(DE-FC26-06NT43023) 
$2,750,000 10/1/06-9/30/07 2.4 mos. 
(academic) 
Mitochondria Targeted 
Molecules for Regulating 
Oxidative Stress and Obesity 
USDA $75,000 06-07 0.6 mo. 
(academic) 
Gene Expression Measured 
by Revealed Aptamer-Based 
Imaging Technology 
U.S. DOE $90,000 00-08  
Center for Research on 
Botanical Dietary 
Supplements 
NIH $6,069,636 7/1/07-6/30/10  
MicroCantilever (MC) based 
Robust Sensing Approach 
for Controlled Substances 
DOJ $1,135,000 08-10  
Pending:     
ERC:  Center for 
Biorenewable Chemicals 
(this proposal) 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10  
Catalytic Production of 
Diols from Polyols 
USDA/DOE $700,000 08-10  
Catalytic Production of 
Ethanol from Biomass-
Derived Synthesis Gas 
USDA/DOE $950,000 08-10  
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
Richard C. Larock 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,250,000 9/1/08-8/31/09  
Pilot-Scale Heterocyclic and 
Carbocyclic Libraries for 
High Throughput Screening 
NIH/NIGMS  9/1/06-8/31/09  
Center of Excellence in 
Chemical Methodologies 
and Library Development 
NIH/NIGMS  8/31/03-9/30/13  
Novel Palladium Migration 
– Aryne Chemistry 
NSF  9/1/07-8/31/10  
Biorenewable Composites 
Reinforced with Under-used 
Co-products from Ethanol 
Production 
Recycling and Reuse 
Technology Transfer-
University of Northern 
Iowa 
 7/1/07-6/30/09  
Novel Renewable Bio-based 
Rubber Composites from 
Plant Oils 
Plant Sciences Institute, 
Iowa State University 
 7/1/07-6/30/09  
Pending:     
ERC:  Center for 
Biorenewable Chemicals 
(this proposal) 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10  
Practical Waterborne 
Agricultural Oil-Based 
Coatings 
The Consortium for 
Plant Biotechnology 
Research, Inc. 
 1/1/09-12/31/10  
Fiberglass Reinforced 
Polymers from Agricultural 
Oils 
The Consortium for 
Plant Biotechnology 
Research, Inc. 
 1/1/09-12/31/10  
Biocomposites from 
Renewable Oils and Ag Co-
products 
The Consortium for 
Plant Biotechnology 
Research, Inc. 
   
Rubber Composites from 
Plant Oils 
The Consortium for 
Plant Biotech. Res., Inc. 
   
Novel Waterborne Resins 
from Renewable Resources 
for Bonding Fibers 
Nine Sigma    
Pilot-Scale Heterocyclic 
Carbohydrate Libraries for 
High-Throughput Screening 
NIH/NIGMS  9/1/09-8/31/12  
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
Adah Leshem-Ackerman 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,250,000 9/1/08-8/31/09 4.0 mos. 
Partnership for Research & 
Education in Plants 
Virginia Tech $10,800 9/1/08-10/1/09  
Genome Evolution in 
Diploid and Polyploid 
Cotton (Co-Pi) 
National Science 
Foundation – PGRP 
 
$1,704,277 9/1/07-8/31/09  
CBiRC RET Program 
Supplement 
Iowa Energy Center $7,800 9/1/08-8/31/09  
CBiRC RET Program 
Supplement 
Board of Regents 
(College of Human 
Sciences, Iowa State 
University) 
$8,200 9/1/08-8/31/09  
Pending:     
ERC:  Center for 
Biorenewable Chemicals 
(this proposal) 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10  
GEPR: Comparative 
Evolutionary Genomics of 
Cotton (Co-PI) 
National Science 
Foundation - PGRP 
$4,984,269 4/1/09-3/31/12 2.0 mo. last 
3 years 
GEPR: The Functional 
Interactome of Cereals with 
the Fungal Biotroph, 
Blumeria graminis (Co-PI) 
National Science 
Foundation - PGRP 
$2,762,416 6/1/09-5/31/13 1.0 mo 
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
Matthew Neurock 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,250,000 9/1/08-8/31/09  
MURI- Integrated 
Computational and 
Experimental Approach 
Toward the Design of 
Materials for Fuel Cell 
Systems 
Army Research Office $5,000,000 
(MN 
$650,000) 
6/1/03-5/31/07 1 mo. 
First Principles Analysis of 
Metal Particle Sintering and 
Catalyst Deactivation 
Shell Chemical 
Company 
$200,000 1/1/03-12/31/07  
NIRT: Nanocatalysis NSF $236,704 
(MN) 
8/15/05-8/14/08  
First Principles Calculations 
of the Structure and 
Energetics of Al/Water 
Interfaces of Relevance to 
Corrosion and Fatigue 
NASA $415,012 1/1/07-12/31/09 1 mo. 
Reaction Mechanisms for 
Carbonylation of DME and 
Methane Activation 
University of California, 
Berkeley/BP 
$232,900 9/1/06-12/31/09 1 mo. 
Nanoscale Materials, Inc. 
Adsorption and Chemical 
Reactivity of NanoActive 
Metal Oxides- Role of 
Surface Defects 
DTRA $197,198 6/1/07-5/31/09  
First Principles Modeling of 
the Iron Corrosion 
ExxonMobil $105,000 6/1/07-5/31/09 1 mo. 
Theory Aided Design of 
Active and Durable 
Nanoscale Cathode Catalysts 
DOE (BES) $540,000 8/1/07-7/31/11 1 mo. 
PIRE: Molecular 
Engineering for Conversion 
of Biomass-derived 
Reactants to Fuels, 
Chemicals and Materials 
NSF $310,000 
(MN) 
9/1/07-8/31/12 1 mo. 
Nanocatalysts for Propulsion 
Applications 
Air Force $650,000 
(MN) 
5/1/08-4/30/13 1 mo. 
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Dow Methane Challenge Northwestern University 
Dow Chemical 
Company 
$300,000 
(MN) 
1/1/08-12/31/10 1 mo. 
Pending:     
ERC:  Center for 
Biorenewable Chemicals 
(this proposal) 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10  
Observing Carbon-Hydrogen 
Bond Activation in 
Chemisorbed species- Using 
a New Highly-Sensitive 
Optical Method 
DOE (BES) $180,000  1 mo. 
Probing Surface Chemistry 
Under Catalytic Conditions: 
Olefin Hydrogenation, 
Cyclization and 
Functionalization 
DOE (BES) $170,000  1 mo. 
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
Basil J. Nikolau 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,250,000 9/1/08-8/31/09 3.0 mos. 
2010 Metabolomics: A 
Functional Genomics Tool 
for Deciphering Functions of 
Arabidopsis Genes in the 
Context of Metabolic and 
Regulatory Networks 
NSF $2,945,000 3/09-3/11 1.0 mo. 
Mass Spectrometric Imaging 
of Plant Metabolites 
DOE $1,272,000 10/08-10/11 0.6 mo. 
Center for Research on 
Botanical Dietary 
Supplements 
NIH $4,372,090 5/07-5/10 0.6 mo. 
Annotation of Novel 
Enzymatic Functions in 
Methanogens 
DOE $1,695,000 10/07-10/10 0.6 mo. 
Pending:     
ERC:  Center for 
Biorenewable Chemicals 
(this proposal) 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10  
Production of Bio-Based 
Lubricants in a Dedicated 
Industrial Oilseed Crop -[PI, 
Cahoon (Nebraska); co-PIs, 
Clemente (Nebraska), Lu      
(Montana), Nikolau (ISU)] 
NSF $1,027,160 9/09-9/12 0.6 mo. 
EFRI-HyBi - Bioengineering 
a System for the Direct 
Production of Biological 
Hydrocarbons for Biofuels –
PI, Shanks; co-PIs Nikolau 
(ISU); Bobik (ISU); Wolfe 
(Cal State, Chico); Nadathur 
(U. Puerto Rico) 
NSF-EFRI $1,996,452 9/09-9/13 1.2 mo. 
Collaborative Project: 
Biosynthesis of Alkamides-
Experimental Modeling of a 
Modular Secondary Metabo-
lic Pathway -Co-PIs, Minto 
(IUPUI); Nikolau (ISU) 
NSF-MCB $840,881 9/09-9/13 0.6 mo. 
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
Joseph P. Noel 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,250,000 9/1/08-8/31/09 0.6 mo. 
A Functional Atlas for 
Orphan Nuclear Receptor 
NIH/NIDDK 5 U19 
DK062434-07 
(O’Malley, PI) 
$121,773 9/1/08-6/30/09 0.6 mo. 
Mechanistic, Structural and 
Evolutionary Basis for 
Phenylpropanoid 
Metabolism 
NSF MCB-0645794 
(Noel) 
$592,227 9/15/07-8/31/10 2.4 mo. 
Collaborative Research: 
Structural, Functional and 
Evolutionary Basis for the 
Utilization of a Quinone 
Methide-Like Mechanism in 
the Biosynthesis of Plant 
Specialized Metabolites 
NSF MCB-0718064 
(Noel, PI) 
$720,000 9/15/07-8/31/11 2.4 mo. 
---- Howard Hughes 
Medical Institute (Noel, 
PI) 
$550,000 9/1/08-8/31/09  
     
Pending:     
ERC:  Center for 
Biorenewable Chemicals 
(this proposal) 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10  
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
David J. Oliver 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,250,000 9/1/08-8/31/09  
REU Site in Molecular 
Biotechnology and 
Genomics 
NSF $559,664 06-11 0.6 mo. 
A New Pathway for GSH 
Metabolism in Plants 
(0841528) 
NSF  $477,000 09-12 2.4 mos. 
     
Pending:     
ERC:  Center for 
Biorenewable Chemicals 
(this proposal) 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10  
Enhancing Flooding 
Tolerance in Plants 
USDA $400,000 09-12 2.4 mos. 
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
Eran Pichersky 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,250,000 9/1/08–8/31/09 1 mo. 
Biosynthesis of the Naturally 
Synthesized Insecticides 
Methylketones in Tomato 
Glands 
Binational Agricultural 
Research and 
Development Fund 
$126,000 7/1/06-6/30/09 1 mo. 
GEPR: Building and 
Operating a Chemical 
Factory: Glandular 
Trichomes of Solanum 
Species 
NSF $582,876 9/1/06-8/31/09 1 mo. 
Structural, Mechanistic and 
Evolutionary Basis for the 
Utilization of the Quinone 
Methide Intermediate in the 
Biosynthesis of Plan 
Specialized Metabolites 
NSF $606,608 9/15/07-8/31/11 1 mo. 
Improvement of Tomato 
Fruit Flavor through the 
Introduction of Genes for 
High-Impact Aroma 
Compounds 
US Department of 
Agriculture 
$398,000 9/1/08-8/31/11 1 mo. 
The Molecular and 
Biochemical Basis of 
Terpenoid Aroma Formation 
in Tomato 
Binational Agricultural 
Research and 
Development Fund 
$20,000 9/1/08-8/31/11 0.40 mo. 
Pending:     
ERC:  Center for 
Biorenewable Chemicals 
(this proposal) 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10  
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
D. Raj Raman 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,250,000 9/1/08-8/31/09 2.0 mo. 
A Virtual Education Center 
for Biorenewable Resources: 
Building Capacity and 
Humanizing Distance-
Education 
USDA – Higher 
Education Challenge 
Grants Program 
$489,929 9/06-9/10         
(1 year NCE) 
0.5 
Let’s Biorenew @ ISU Cargill Gift $600,000 7/06-7/09 none 
Pending:     
ERC:  Center for 
Biorenewable Chemicals 
(this proposal) 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10  
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
Peter J. Reilly 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,250,000 9/1/08-8/31/09 1.0 mo. 
Computational Investigation 
of Cellulose and Xylanase 
Mechanisms 
USDA $307,056 9/1/07-8/31/10 1.0 mo. 
Pending:     
ERC:  Center for 
Biorenewable Chemicals 
(this proposal) 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10  
Research Experiences for 
Undergraduates—Biological 
Materials & Processes 
NSF $300,000 
(CA) 
4/1/09-3/31/12 0.5 mo. 
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
Derrick K. Rollins, Sr. 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,250,000 9/1/08-8/31/09  
Glucose and Activity Data 
Collection For Diabetic and 
Normal Subjects For 
BodyMedia®, Inc. 
BodyMedia, Inc $102,000 7/1/07-3/31/09       
Advanced Composite 
Materials Program (ACMP) 
 
Federal Appropriation, 
Army Research 
Laboratory 
$2,133,333 7/1/09-6/30/10  
Pending:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10  
Advanced Composite 
Materials Program (ACMP) 
Federal Appropriation, 
Army Research 
Laboratory 
$4,672,306 9/1/09-10/31/10  
Simultaneously Modeling 
Multiple Disturbances To 
Improve Glucose Control for 
Type 2 Diabetics 
NIH $2,181,466 7/1/09-6/30/14       
Multivariable Closed-loop 
Technologies for Physical 
Active Young Adults With 
Type 1 Diabetes 
NIH $50,000 1/2/10-12/31/11       
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
Ka-Yiu San 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,250,000 9/1/08-8/31/09 1 mo. 
Collaborative Research:  
Combining Molecular 
Genetic and Metabolic 
Analyses to Characterize 
Terpenoid Indole Alkaloid 
Pathways   
NSF $139,753 
(KYS 
portion) 
9/07-8/09 0.5 mo. 
From Genetic Architecture 
to Adaptation 
NIH $1,453,770 8/04-7/09 0.5 mo. 
MRI: Acquisition of 
Analytical Instrumentation 
for a State-of-the-Art 
Proteomic Facility at Rice 
University 
NSF $546,056 8/07-7/10 0.2 mo. 
Engineering an Efficient 
Biocatalyst for Chiral 
Compound Production 
NSF $498,556 9/08-8/11 0.5 mo. 
A Multi-scale Biocatalysis 
Initiative 
Rice University, Faculty 
Initiatives Funds 
$91,900 7/08-6/10 0.2 mo. 
Pending:     
ERC:  Center for 
Biorenewable Chemicals 
(this proposal) 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10  
Designed Feedback 
Regulation of Electron 
Transport Energetics for 
Optimal Production of 
Industrial Chemicals 
NSF $685,770 5/1/09-4/30/12 0.5 mo. 
MRI: Acquisition of a 
Tandem (IT-TOF) Mass 
Spectrometer System for 
Biological Research and 
Application 
NSF $714,888 7/1/09-6/30/12 0.2 mo. 
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
Suzanne B. Sandmeyer 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,250,000 9/1/08-8/31/09  
Integration Specificity of the 
Ty3 Retrotransposon 
NIH R01 GM 33281 $1,059,828 7/1/05-6/30/09  
Optimized Heterologous 
Pathways for Ethanol 
Production in Yeast 
CODA Genomics Inc. 
CODA-42397 
$300,000 9/1/07-8/31/09  
     
Pending:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10  
Shared Instrumentation 
Grant for High Throughput 
DNA Sequencer 
NIH #_SRR025496A $500,000 4/08  
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
Brent H. Shanks 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC: Center for 
Biorenewable Chemicals   
NSF (EEC-0813570) $3,250,000 9/1/08-8/31/09 5 mos. 
Design of Nanostructured 
Organic-Inorganic Hybrid 
Catalysts for Biorenewable 
Conversions 
NSF (PI w/1 other 
investigator) 
$304,710 4/15/05-3/31/09 0.7 mo.  
PIRE: Molecular 
Engineering for Conversion 
of Biomass-derived 
Reactants to Liquid Fuels, 
Chemicals and Materials 
NSF (co-PI w/4 other 
investigators) 
$2,500,000 9/15/07-9/14/12 0.5 mo. 
A Systems Approach to Bio-
Oil Stabilization 
U.S. DOE (co-PI w/4 
others) 
$1,500,000 10/1/08-9/30/10 1 mo. 
Technology Development in 
Support of Iowa's 
Bioeconomy 
Iowa Board of Regents 
(co-PI w/7 other 
investigators) 
$1,300,000 10/1/06-9/30/10  
Catalytic Upgrading of Bio-
Oil 
ConocoPhillips Company $261,000 5/1/07-12/31/09  
Condensed Phase Catalysis 
with Bio-Oil Species 
ConocoPhillips Company $145,000 1/1/08-12/31/09 0.5 mo. 
REU: Site in Biological 
Materials and Processes  
NSF (participant w/6 
other investigators) 
$370,639 5/15/06-5/14/09  
     
Pending:     
ERC: Center for 
Biorenewable Chemicals 
(this proposal) 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10 6 mos. 
Center for Plant Polymer 
Conversion to Fuels in 
Condensed Phase and 
Interfacial Systems 
U.S. DOE (prime PNNL, 
PI at ISU) 
$880,000 
(ISU 
portion) 
9/1/08-8/31/13 1 mo. 
EFRI-HyBi: Consolidated 
Thermal Pathway to 
Advanced Biofuels  
NSF (co-PI w/4 other 
investigators) 
$2,500,000 7/1/09-6/30/14  
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
Jacqueline V. Shanks 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-
Mos. Per 
Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570)  $3,250,000 9/1/08-8/31/09 0.7 mo. 
Collaborative Research: 
Molecular Genetic and 
Metabolic Analyses to 
Characterize Terpenoid 
Indole Alkaloid Pathways 
National Science 
Foundation CBET-
0729753 (PI with 2 
others) 
$498,956 
($174,624 
ISU portion) 
9/1/07-8/31/09  
Metabolic Flux Analysis in 
Plants 
Pioneer Hi-Bred 
International 
$349,188 5/1/06-4/30/09 0.5 mo. 
Understanding Oil/Protein 
Partitioning in Developing 
Soybean Embryos: Linking 
Transcript Data and 
Metabolic Fluxes 
Plant Sciences Institute, 
Iowa State University  
(PI with 1 other) 
$50,000 7/1/06-6/30/09  
REU: Site in Biological 
Materials and Processes 
National Science 
Foundation (participant 
w/ 6 other investigators) 
$370,639 5/15/06-5/14/09  
Graduate Research Training 
Program in the Area of 
Molecular Biophysics 
Roy J. Carver Charitable 
Trust  (co-PI w/ 9 other 
investigators) 
$494,436 11/06-10/09  
Evaluate and Identify 
Metabolic Control Points 
Determining Assimilate 
Partitioning in Developing 
Seed 
Pioneer Hi-Bred 
International 
$180,000 11/1/07-10/31/10  
Pending:     
ERC:  Center for 
Biorenewable Chemicals 
(this proposal) 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10  
EFRI-HyBi - Bioengineering 
a System for the Direct 
Production of Biological 
Hydrocarbons for Biofuels 
NSF EFRI (PI with /4 
others) 
$1,996,452 9/1/09-8/31/13 
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
L. Keith Woo 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,250,000 9/1/08-8/31/09 1.0 mo. 
Green Catalysis NSF $360,000 8/1/08-7/31/11 1.0 mo. 
Heteroatom Catalysis and 
Catalysis in 3-D Controlled 
Environments 
DOE $71,000 10/1/08-9/30/09 1.0 mo. 
     
Pending:     
ERC:  Center for 
Biorenewable Chemicals 
(this proposal) 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10  
Electrochemical Reduction 
of CO2 to Useful Products 
Iowa Energy Center $15,000   
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CURRENT AND PENDING SUPPORT 
Investigator:  
Project/Proposal Title 
Eve Syrkin Wurtele 
Source of Support 
(Supporting Agency) 
Total Award 
Amount 
Total Award Period 
(Effective and 
Expiration Dates) 
Person-Mos. 
Per Year 
Committed 
Current:     
ERC:  Center for 
Biorenewable Chemicals 
NSF (EEC-0813570) $3,250,000 9/1/08-8/31/09 1.0 
Metabolomics:  A 
Functional Genomics Tool 
for Deciphering Functions of 
Arabidopsis Genes in the 
Context of Metabolic and 
Regulatory Networks 
National Science 
Foundation (Co-PI w/ 14 
others) 
$1,000,000 9/05-8/08 0.6 
Modifying Biological 
Networks to Create Useful 
Biopolymers 
Plant Sciences Institute 
(Biorenewables 
Initiative), Iowa State 
University 
$30,000 7/08-6/09 0.6 
Interactive Visualization and 
Analysis of Large-Scale 
Graphs for Biological 
Network Modeling 
National Science 
Foundation (IIS 
0612240) 
$808,353 8/06-7/09 0.6 
Center for Research on 
Botanical Dietary 
Supplements 
National Institutes of 
Health (NIEHS-1 P01 
ES1 2020-01; w/ several 
others) 
$1,473,000 
(year 1) 
7/07-6/10 1.2 
     
Pending:     
ERC:  Center for 
Biorenewable Chemicals 
(this proposal) 
NSF (EEC-0813570) $3,500,000 9/1/09-8/31/10 1.0 
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